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PREFATORY  REMARKS. 


The  action  of  the  slide  valve  of  the  steam  engine,  operated  through, 
various  intervening  devices  by  a  motion  derived  from  an  eccentric,  has  been 
so  often  and  so  ably  discussed,  that  in  presenting  a  new  treatise  on  the  sub- 
ject, an  explanation  seems  called  for,  offering  an  excuse  for  its  appearance. 
The  object  of  the  present  work  is  that  of  aiding  practical  engineers  in  form- 
ing a  clear  idea  of,  first,  the  nature  of  the  motion,  and  what  the  valve  can  be 
made  to  do  ;  second,  the  requirements  of  the  engine,  and  what  the  valve 
must  be  made  to  do  ;  and,  third,  the  construction  of  the  movement,  and  how 
to  make  the  valve  do  what  it  is  to  do.  And  the  plea  for  its  existence,  upon 
which  main  reliance  is  placed,  rests  primarily  on  the  manner  in  which  these 
questions  are  presented. 

Much  labor  and  zeal  have  been  expended,  not  to  say  wasted,  in  treating 
this  matter  analytically — the  method  being  to  embody  the  elements,  constant 
and  variable,  of  the  whole  combination,  including  all  the  connecting  rods, 
cranks,  eccentrics,  rock  shafts,  links,  and  levers,  making  up  the  working  gear 
interposed  between  the  piston  and  the  valve,  in  an  equation  expressing  the 
movement  as  influenced  by  them  all  ;  and  by  discussing  this  equation  to 
deduce  results  as  affected  by  various  supposed  changes  in  the  proportions  or 
relations  of  these  elements. 

The  subject  affords  a  good  field  for  the  display  of  analytical  acumen  ; 
and  this  method  of  employing  algebraic  skill  for  a  practical  purpose  is  at 
once  elegant  and  refined  ;  but  such  investigations  do  not  answer  the  pur- 
poses above  set  forth  ;  admirable  as  they  may  be  intrinsically,  they  are  so 
mainly  to  the  select  few  as  interesting  studies  of  applied  mathematics. 
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It  must  be  borne  in  mind  that  of  those  who  study  closely  the  mechanical 
movements  of  the  steam  engine,  particularly  those  who  are  directly  interested 
in  the  practical  matter  of  engine  building — the  draughtsmen  who  design  as 
well  as  the  mechanics  who  execute — the  great  majority  are  not  versed  in  the 
higher  mathematical  branches.  And  more  especially  is  it  true  that  they  are 
seldom  of  the  order  of  mind  which  turns  naturally  to  analysis  as  a  mode  of 
solving  problems  ;  the  geometrical  reasoners  are  the  ones  most  likely  to  adopt 
a  profession  in  which  graphic  methods  are  in  constant  use,  and  to  many,  pro- 
ficient in  these,  any  thing  written  in  the  language  of  symbols  is  a  sealed 
book,  while  to  many  more  it  is  a  very  dry  one. 

Again,  the  connection  between  an  abstract  formula  and  its  concrete  em- 
bodiment is  so  indirect  and  obscure,  that  even  those  competent  to  trace  the 
equation  through  its  various  transformations  from  the  initial  to  the  final 
stage,  have  frequent  need  to  resort  to  graphic  means  of  illustrating  their  prog- 
ress, and  are  absolutely  driven  back  to  them  in  order  to  construct  their 
ultimate  expressions,  and  reduce  their  theoretical  deductions  to  a  practical 
form. 

It  is  to  be  considered,  too,  that  the  engine  itself  is  not  a  creature  of  analy- 
tical instincts  ;  its  parts  move  with  geometrical  precision,  in  lines  and  about 
centres  which,  having  fixed  linear  relations  to  each  other,  are  just  as  suscep- 
tible of  accurate  delineation  on  paper  as  of  accurate  adjustment  in  metal  ; 
they  did  so  before  their  motions  were  analyzed,  and  would  continue  to  do  so 
to  the  end  of  time,  though  the  art  of  analysis  were  forgotten.  In  fact,  the 
mathematical  education  of  the  engine  has  never  gone  beyond  geometry  ;  it 
was  planned  by  geometry,  it  was  built  by  geometry,  and  it  runs  by  geome- 
try. To  be  sure,  you  may  examine  it  analytically,  and  formulate  the  results  ; 
but,  algebra  or  no  algebra,  it  will  answer  no  questions  which  it  cannot  answer 
by  geometry. 

Since,  then,  the  valve  movements  must  eventually  be  constructed  by 
graphic  processes,  whether  they  be  previously  discussed  analytically  or  not, 
there  seems  to  be  no  good  reason  why  the  former  method  should  not  be 
separately  used  in  the  whole  investigation. 
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On  the  contrary,  it  would  appear  from  the  preceding  considerations  that 
it  is  peculiarly  adapted,  not  only  to  the  elucidation  of  this  subject,  but  to  the 
tastes  of  those  specially  addressed  ;  it  has,  therefore,  been  adopted,  to  the 
entire  exclusion  of  algebraic  analysis,  which  those  who  prefer  it  may  find 
exhaustively  used  in  other  works. 

In  regard  to  the  general  arrangement  and  subdivision  of  the  matter  pre- 
sented, it  is  proper  to  remark  that,  in  the  author's  opinion,  the  chief  source 
of  the  difficulty  often  found  in  imparting,  even  by  the  graphic  method,  a 
thorough  insight  into  the  action  of  the  slide  valve,  and  the  construction  of  its 
movement,  is  to  be  found  in  the  fact  that  usually  the  investigation  starts  out 
with  the  three-ported  or  common  slide,  very  often  miscalled  "  the  simplest 
form  of  the  valve;"  and  introduces  at  once  the  several  adjuncts  of  "lap," 
"lead,"  "  inside  clearance,"  etc.,  which,  though  simple  enough  when  separ- 
ately considered,  are  bewildering  to  the  beginner  when  he  is  at  once  con- 
fronted with  them  all. 

By  dissecting  this  valve,  and  considering  its  members  and  their  functions 
one  by  one.  the  author  has  endeavored  to  make  their  combined  action  more 
readily  comprehended. 

HOBOKEN,  Feb.  18V3. 


CHAPTER   I. 

GENERAL    INVESTIGATION    OF   THE    "  ECCENTRIC    MOTION." 

1.  The  slide  valve  of  the  steam  engine,  as  the  name  implies,  is  a  valve 
which  controls  the  passage  of  the  steam  into  or  out  of  the  cylinder,  or  both, 
by  a  reciprocating  motion  upon  a  surface  provided  with  suitable  openings,  to 
which  the  valve  is  accurately  fitted. 

The  form  of  this  surface  may  be  varied  ;  the  valve  may  be  made  as  a 
piston,  working  in  a  cylinder,  in  which  case  it  is  called  a  piston  valve  ;  or  it 
may  have  a  rotatory  reciprocation,  being  in  the  form  of  a  portion  of  a 
cylinder,  and  more  or  less  closely  resembling  a  cock,  or  plug  valve. 

These,  however,  are  variations  of  form,  and  of  form  only  ;  the  general 
principles  of  construction,  and  the  mode  of  action,  are  identical  with  those  of 
the  more  common  arrangement,  in  which  the  valve  is  of  a  rectangular  figure, 
and  slides  to  and  fro  in  a  right  line  upon  a  plane  surface. 

2.  It  is  self-evident,  that  there  is  no  necessary  connection  between  such 
a  valve  and  an  eccentric  ;  like  any  other  valve,  it  may  receive  the  requisite 
motion  through  the  intervention  of  devices  limited  in  number  and  in  variety 
of  detail  only  by  the  ingenuity  of  the  contriver.       But  the  most  simple  and 
obvious  of  these,  in  many  respects  and  for  many  purposes  the  best,  and  the 
one  by  far  the  most  commonly  used,  is  that  of  the  eccentric.     It  is  with  this 
that  we  have  to  do  ;  in  what  follows,  therefore,  it  is  our  object  to  explain, 
step  by  step,  the  construction  and  operation  of  the  slide  valve  thus  actuated. 

3.  The  word  construction,  it  should  be  borne  in- mind,  is  used  in  a  tech- 
nical sense,  including  not  merely  the   abstract  definition  of  the  form  and 
dimensions  of  any  given  part,  but  the  processes  by  which  these  are  determined 
and  arranged  in  due  relation  to  other  parts  ;  it  means  not  a  bare  statement 
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that  a  thing  is  so,  but  in  addition  the  reasons  why  it  must  be  so,  and  the 
ways  and  means  of  making  it  so. 

These  demonstrations  and  processes,  as  stated  in  the  introduction,  are 
geometrical  ;  so  that  by  the  construction  of  a  movement  or  of  any  portion  of 
the  combinations  which  may  be  discussed,  is  meant  the  mechanical  delineation 
of  whatever  may  be  necessary  to  arriving  at  the  required  result. 

If  it  be  stated  by  way  of  objection,  that  the  accuracy  of  the  result 
depends  upon  that  of  the  diagrams,  it  will  suffice  to  say,  that  this  in  no  wise 
affects  the  positive  nature  of  the  reasoning ;  and  that,  since  the  draughtsman 
who  constructs  can  be,  and  of  right  ought  to  be,  as  accurate  as  the  mechanic 
who  executes,  this  method  gives,  in  a  clear  and  ready 'way,  results  both  prac- 
tically and  theoretically  correct.  And,  if  greater  nicety  be  insisted  on  by 
those  of  an  analytical  turn  of  mind,  the  resources  of  trigonometry  are  at  all 
times  available  to  verify  the  measurements. 

4.  Assuming,  then,  to  start  with,  that  the  valve  is  to  be  moved  back- 
ward and  forward  in  a  right  line  by  means  of  an  eccentric,  the  first  thing  to 
be  considered  is  the  nature  of  the  motion  thus  imparted.     But  before  enter- 
ing upon  this,  it  may  be  remarked  that,  as  illustrated  by  Figs.  1  and  2,  an 
eccentric  is  only  a  crank  with  an  exaggerated  crank-pin.     An  apology  would 
be  needed  for  mentioning  this  identity,  were  it  not  that  the  author  has  found 
prevalent,  even  among  those  whose  practical  familiarity  with  these  things 
should  have  taught  them  better,  a  misty  notion  that  in  some  mysterious  way 
a  big  eccentric  has  the  property  of  imparting  a  smoother  and  more  equable 
movement  than  a  little  crank  ;  a  delusion  which  will  be  at  once  dispelled  by 

^a  comparison  of  these  figures. 

This  being  so,  a  crank  of  the  ordinary  form  may  be,  and  frequently  is, 
used  instead  of  an  eccentric — in  point  of  fact,  the  latter  is  the  real  substi- 
tute, being  a  mechanical  equivalent  introduced  because  the  use  of  the  former 
is  for  special  reasons  inconvenient  or  impracticable. 

5.  And  in  Fig.  3  is  shown  the  simplest  arrangement  of  an  engine  with 
a  slide  valve  thus  actuated ;  the  eccentric  (or  its  equivalent  crank)  being 
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fixed  on  a  shaft  turned  by  the  "  main  crank,"  which  is  moved  by  a  connec- 
ting rod  jointed  to  the  end  of  the  piston  rod  ;  a  smaller  connecting  rod  in 
like  manner  conveying  to  the  valve-stem  the  motion  of  the  eccentric.  It 
will  be  shown  hereafter  that  the  motion  thus  given  to  the  valve  is  such  as  to 
meet  the  requirements  of  the  engine  ;  assuming  that  to  be  true,  a  considera- 
tion of  this  figure  will  show  that  it  is  precisely  similar  to  that  of  the  piston. 
And,  since  the  shaft  to  which  the  eccentric  is.  fixed,  here  makes  a  half  revo- 
lution while  the  piston  makes  one  stroke,  it  follows  that  whatever  device 
may  be  used  for  converting  the  reciprocating  motion  of  the  piston  into  rota- 
tory motion — or  even  if  it  be  not  thus  converted  at  all,  the  slide  valve  may 
be  actuated  by  an  eccentric  fixed  on  any  shaft  which  makes  a  half  revolution 
at  each  stroke  of  the  piston. 

6.  The  angular  position  of  the  eccentric  rod  in  Fig.  3  also  calls  attention 
to  two  features  of  the  crank  motion,  which  are  more  clearly  illustrated  by 
the  diagram,  Fig.  4.     One  is,  that  a  portion  of  the  power  is  expended  in  side 
pressure  upon  the  piston  rod  or  valve-stem,  of  which  the  motion  is  rectilinear  ; 
the  other,  that  although  a  half  revolution  of  the  crank  produces  a  full  stroke 
of  the  part  to  which  its  motion   is  transmitted,  yet  one  quarter  of  a  revolu- 
tion causes  a  little  more,  and  the  other  quarter  a  little  less,  than  one-half  of 
the  stroke  to  be  performed.     With  the  first  difficulty  we  have  nothing  to  do  ; 
but  the  second  introduces  an  irregularity  into  the  movement,  of  which  it  will 
be  well  to  get  rid. 

7.  Both  these  troubles  will  diminish  as  the  length  of  the  connecting  rod 
is  increased,  and  vanish  when  it  becomes  infinite  ;  and  it  will  be  much  more 
simple  at  first  to  disregard  entirely  the  details  of  the  actuating  gear,  and  sup- 
pose both  the  main  connecting  rod  and  the  eccentric  rod  to  be  infinitely  long. 
This  supposition  may  be  readily  realized  by  means  of  the  device  shown  in 
Fig.  5,  which,  under  the  name  of  the   "  slotted  cross-head  connection,"  is 
sometimes  employed  in  practice.      No  connecting  rod,  properly  so  called,  is 
used  ;  but  to  the  piston   rod  is  secured  a  cross-head,  provided  with  a  slot 
equal  in  breadth  to  the  diameter  of  the  crank-pin,  which  moves  freely  in  it. 
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Thus,  the  transverse  motion  of  the  crank-pin  being  accommodated  by 
the  slot,  the  piston  rod  will  traverse  exactly  as  required  by  the  longitudinal 
motion.  The  relative  motions  of  the  parts  are  therefore  precisely  such  as 
would  result  from  the  use  of  a  connecting  rod  of  infinite  length  ;  a  similar 
attachment  to  the  valve-stem,  as  shown  in  the  figure,  secures  the  same  desid- 
eratum in  regard  to  the  relative  movements  of  the  valve-stem  and  the  eccen- 
tric or  its  equivalent  crank. 

8.  The  nature  of  this  arrangement  being  understood,  we  will,  before 
considering  the  operation  of  the  valve  in  connection  with  the  engine,  inquire 
into  the  particulars  of  the  movement  thus  derived  from  the  eccentric,  and 
ascertain  the  precise  nature  and  limitations  of  the   control  which  the  valve 
exercises  over  the  port.      As  the  length  of  the  valve-stem  has  nothing  to  do 
with  its  motion,  we  have,  in  some  of  the  following  figm-es,  shown  a  slotted 
piece  attached  directly  to  the  back  of  the  valve,  with  the  pin  of  the  eccentric 
crank  working  in  it  ;  thus  bringing  the  whole  action  directly  under  the  eye,  and 
more  clearly  illustrating  the  relations  between  the  different  parts.  In  Fig.  6  is 
shown  a  port  c  d,  covered  by  a  valve   a  b,  which  is  moved,  in  the  manner 
just  described,  by  a  crank  of  given  length.       The   centre  of  the  crank-pin 
describes  a  circle  about  the  centre  o  of  the  shaft  ;  and  if  a  line  L  M  be  drawn 
through  o,  parallel  to  the  direction  in  which  the  valve  slides,  it  will  evidently 
divide  the  circle  equally  iu  such  a  manner  that  the  crank  will  move  the  valve 
in  one  direction  while  describing  one  half,  and  in  the  opposite  direction  while 
describing  the  other  half.     This  line  L  M  is  called  the  line  of  motion. 

9.  The  whole  travel  of  the  valve   is,  therefore,  equal  to  the   diameter 
ef;  and  if  when  the  crank  is  at  e,  the  extreme  limit  of  motion  in  the  direc- 
tion L  M,  the  edge  a  of  the  valve  be  placed  flush  with  the  edge  c  of  the  port, 
as  shown  in  the  figure,  it  is  obvious  at   a  glance  that,  no   matter  in  which 
direction  the  crank  revolves,  the  port  will  be  opened  instantly,  and  will  con- 
tinue to  open  until  the  crank  reaches/,  when  the  edge  a  of  the  valve  will  be 
at  a'  ;  after  that,  the  valve  will  return,  and  close  the  port.       Both  the  valve 
and  the  port  ,  then,  as  here   made,  are   of  superfluous  breadth  ;  their  edges 
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b  and  d  may  be  moved  to  the  right  as  far  as  a',  when,  the  breadth  of  each 
being  equal  to  the  travel,  we  shall  have  at  once  the  widest  port  that  the  valve 
can  open,  and  the  narrowest  valve  that  can  close  it. 

But  as  the  port  under  such  circumstances  will  only  be  covered  at  the 
instant  when  the  crank  is  at  e,  this  arrangement  can  be  of  no  practical  use  ; 
and  the  figure  is  introduced  merely  to  show  the  nature  of  the  motion,  and 
the  extreme  limits  of  what  can  be  effected  by  it  with  a  given  travel. 

10.  A  valve  in  accordance  with  these  limits  is  shown   in  Fig.  Y  ;  and 
regarding  this,  we  recapitulate  these  features  of  its  action,  viz.:  that  the  port 
is  fully  opened,  and  is  just  closed,  once  during  each  revolution  ;  that  it  is 
opened  from  one  side  by  a  motion  of  the  valve  in  one  direction,  and  that  it 
is  closed  on  the   same  side,  by  the  return  of  the  valve  in  the  other  direc- 
tion.     These   features,  it  will  be  hereafter  seen,  are  precisely  those  which 
characterize  the  action  of  "the  main  slide  valve,"  commonly  so  called  in  con- 
tradistinction to  what  are  known  as  "  independent "  cut-off  or  exhaust  valves, 
which  are  also  frequently  made  in  the  form  of  slide  valves,  and  operated  by 
eccentrics.      Since  the  former  is  the  first  which  will  be  considered  in  connec- 
tion with  the  engine,  it  is  proper  to  inquire  in  what  manner,  to  what  extent, 
and  with  what  effects,  the  elements  of  this  combination  can  be  varied  under 
the  conditions  above  specified,  before  considering  modifications  in  which 
these  conditions  are  not  observed. 

11.  Keeping  these  conditions  in  view,  then,  it  is  clear  that  when  the 
crank  is  in  the  position  shown  in  the  figure,  the  relative  positions  of  the 
edges  a  and  d  cannot  be  changed  ;  if  we  extend  the  valve  by  moving  a  to 
the  right,  that  edge  cannot  move   far  enough  to  the  left  to  coincide  with  d, 
and  the  port  will  not  be  fully  opened  ;  if,  on  the  other  hand,  we  diminish 
the  port  by  moving  d  to  the  right,  a  will  move  past  it  to  the  left,  and  thus  a 
part  of  the  travel  will  be  wasted.     We  may  extend  the  valve  by  moving  b  to 
the  left,  as  far  as  we  please  ;  but  (as  we  see  from  Fig.  6)  it  will  do  no  good,  if 
carried  beyond  the  small  extent  which  might  in  practice  be  allowed  in  order 
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to  make  sure  of  a  tight  joint   when    the    valve    is    in   the    position    here 
represented. 

12.  Hence,  no  extension  of  the  port  or  reduction  of  the  valve  in  either 
direction  being  admissible,  and  the  extension  of  the  valve  being  useless,  the 
only  change  that  can  be  made  in  the  whole  combination  is  a  reduction  of  the 
port  by  moving  the  edge  c  to  the^left.     This  new  state  of  things  is  illustrated 
in  Fig.  8,  the  other  parts  having  the   same  relative  position  as  in  the  pre- 
ceding figures.      The   valve   must  now  move  through   a  space  equal  to  the 
diminution  in  the  breadth  of  the  port,  before  the  latter  will  be  opened  at  all ; 
and,  erecting  at  c  a  perpendicular  c  I,  it  will  cut  the  circle  at  two  points  g,h, 
equidistant  frome/  and  since   the  supplemental  arcs  hf,gf,  are  equal  to 
each  other,  the  action  will  in  this  case  also  be  the  same,  no  matter  in  which 
direction  the  crank  revolves.      The  valve   acts  to  open  the   port  while  the 
crank  is  passing  through  the  arc  hf,  or  g  f,  as  the  case  may  be,  and  to  close 
it,  while  the  crank  describes  the  adjacent  equal  arc  on  the  other  side  of  the 
line  L  M,  and  the  port  remains  closed  while  it  passes  through  the  arc  h  g. 

13.  Under  the   above  conditions,  then,  we   can  vary  the  original   com- 
bination shown  in  Fig.  7  only  in  this  way  :  we  may  reduce  the  port  as  much 
as  we  please  by  moving  the  edge  c  farther   and  farther  to  the  left  ;  but 
however  narrow  we  make  the  port,  we  cannot  make  the  breadth  of  the  valve 
less  than  the  travel  ef.     If  we  cut  anything  off  the  edge  a  it  will  move  past 
d  to  the  left,  thus  wasting  a  part  of  the  travel  ;  and  if  we  cut  anything  off 
the  edge  b  it  will  move  past  d  to  the  right,  thus  opening  the  port  twice  dur- 
ing the  revolution. 

14.  It  will  be  shown  subsequently  that  if  this  happens,  the  valve  will  no 
longer  be  fitted  to  perform  the  functions  of  either  a   steam  or  an   exhaust 
valve,  controlling  ports  which  lead  directly  into  the  cylinder.     But  there  is  a 
form  of  independent  cut-off  valve,  admitting  steam  into  a  chest,  whence  its 
entrance  into  the  cylinder  is  regulated  by  the  main  slide  ;  and  the  port  of 
such  a  valve  must  be  opened  twice  during  each  revolution  of  the  eccentric ; 
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so  that  it  is  proper  now  to  examine  the  effects  upon  the  action,  arising  from 
the  last-mentioned  modification,  of  cutting  off  the  edge  b,  of  the  valve. 

In  Fig.  9  is  shown  a  valve  thus  diminished  in  breadth,  the  parts  retain- 
ing the  same  relative  positions  as  before. 

It  is  plain  from  an  examination  of  this  figure,  that  since  a  will  as  before 
coincide  with  d  at  the  end  of  a  half  revolution,  the  port  will,  as  in  the  previous 
arrangement,  be  just  fully  opened  from  the  side  c  ;  and  that  in  order  to  have 
it  just  fully  opened  from  the  other  side  d,  we  must  move  the  edge  b  of  the 
valve  to  the  right,  as  we  have  done,  until  it  coincides  with  c  when  the  crank 
is  at  e  ;  in  other  words,  we  must  cut  off  from  the  valve  a  piece  as  wide  as  the 
port.  And  further  :  since  the  valve  must  be  as  wide  as  the  port  in  order  to 
cover  it,  the  latter  cannot  in  this  case  be  wider  than  half  the  travel,  which  is 
its  breadth  in  the  figure.  Thus  we  have  the  extreme  limit  of  what  can  be 
done  with  this  arrangement ;  the  port  will  be  closed  only  at  the  instants  when 
the  crank  is  vertical,  and  by  a  motion  of  the  crank  in  either  direction  it  will 
be  opened  on  one  side  or  the  other. 

15.  As  it  stands,  therefore,  this  would  be  of  no  more  use  than  the  valve 
shown  in  Fig.  7  ;  and  since,  as  just  remarked,  we  cannot  make  the  port 
wider  and  the  valve  narrower,  the  only  possible  modification  is  to  do  the 
other  thing  ;  that  is,  to  make  the  valve  wider  and  the  port  narrower,  by  mov- 
ing the  edges  b,  c,  to  the  left. 

We  have  in  Fig.  10  a  representation  of  this  valve  thus  modified,  with  the 
relative  positions  of  the  parts  still  unchanged.  Erecting,  as  in  Fig.  8,  the 
perpendicular  c  I,  we  have  the  chord,  g  h,  bisected  at  i.  Make  oi' =  oi,  draw 
through  i'  the  chord  g'h'  equal  and  parallel  iogh,  and  join  #  A',  hg' ;  we  have 
then  a  diagram  which  enables  us  readily  to  trace  the  action  of  the  valve. 

As  before,  the  direction  of  the  revolution  makes  no  difference  ;  suppos- 
ing it  to  correspond  with  that  of  the  clock,  we  see  that  when  the  crank 
reaches  h',  the  edge  b  will  have  reached  d,  closing  the  port  on  that  side  ;  it 
will  remain  closed  while  the  crank  moves  from  h'  to  h,  when  the  edge  a,  hav- 
ing reached  c,  will  begin  to  open  it  from  that  direction — and  at  the  end  of 
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the  half  revolution,  a  having  gone  to  d,  the  valve  will  again  be  full  open,  as 
it  now  is.  The  upper  half  of  the  circle  being  divided  precisely  like  the  lower 
half,  the  port  will  be  closed  and  opened  in  a  similar  manner  during  the  re- 
turn of  the  valve. 

16.  But  there  is  another  way  in  which  a  valve  may  be  made  to  open 
and  close  the  port  twice  during  each  revolution  ;  that  is,  by  making  an  open- 
ing in  the  valve  as  well  as  a  port  in  the  valve-seat,  so  that  the  latter  will  be 
opened  and  closed  by  the  passage  over  it  of  this  opening. 

This  arrangement  is  depicted  in  Fig.  11,  and  its  mode  of  action  is  suffi- 
ciently obvious.  As  in  Fig.  9,  the  breadth  of  the  ports,  in  both  the  valve 
and  the  valve-seat,  is  equal  to  half  the  travel ;  and  a  moment's  reflection 
will  show  that  it  can  be  no  greater  ;  since  if  it  were,  the  edge  a  would  no 
longer  be  able  to  move  back  to  d,  as  it  must  do  in  order  to  close  the  port ; 
so  that  the  figure  illustrates  the  extreme  limit  in  this  case  also,  and,  as  be- 
fore, the  only  admissible  modification  is  the  reduction  of  the  ports  by  moving 
a  and  c  to  the  left.  The  faces,  a  a',  b  b',  of  the  valve,  it  is  plain  are  as  narrow 
as  they  can  be  made  with  the  port  of  its  present  breadth,  each  being  equal 
to  half  the  travel.  Nor  can  they  be  made  any  less,  however  much  the  ports 
are  reduced — for  since  that  must  be  done  by  moving  a  and  c  to  the  left,  a' 
cannot  be  moved  any  farther  than  those  edges  are,  because  it  would  then 
pass  beyond  c  to  the  left,  opening  the  port  again  when  the  valve  is  at  the 
other  end  of  its  travel — -just  as  a  mere  inspection  of  the  figure  shows  that  we 
cannot  cut  anything  off  the  edge  b. 

17.  If  the  ports  be  reduced,  a  representation  of  this  arrangement  with 
all  the  parts  occupying  the  relative  positions  in  which  they  have  thus  far  been 
uniformly  shown,  would  be  less  explanatory,  and  the  modified  action  less 
readily  traced  than  if  some  changes  be  made.      For  this  reason,  and  also  for 
the  sake  of  more  easily  comparing  the   operations  of  the  three  varieties  of 
valves,  the  next  six  figures  have  been  drawn  and  arranged  as  they  are.    The 
breadth  of  the  port  is  the  same  in  all,  being  one-fourth  of  the  travel,  or  half 
the  radius  of  the  circle  described  by  the  eccentric.      In  each  case  the  valve 
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is  shown  in  two  positions  :  first,  when  it  is  just  opening  the  port,  and,  second, 
as  it  will  be  at  the  end  of  half  a  revolution  ;  the  eccentric  being  shown  in  its 
proper  place  in  each  case,  and  the  direction  in  which  it  turns  indicated  by 
the  arrow. 

18.  Figs.  12  and  13  represent  the  arrangement  first  discussed,  in  which 
the  port  is  opened  and  closed  while  the  eccentric  moves  from  e  to  g,  and  re- 
mains closed  during  the   completion  of  the  revolution  ;    the  breadth  of  the 
valve,  as  before  shown,  being  equal  to  the  travel. 

Figs.  14  and  15  represent  the  modification  in  which  the  valve  is  less  than 
the  travel,  by  the  breadth  of  the  port.  In  this  case  also,  the  port  is 
opened  and  closed  by  the  movement  of  the  eccentric  from  e  to  g :  but  it  re- 
mains closed  only  until  half  a  revolution  from  e  has  been  made,  after  which 
it  is  again  opened  and  closed  by  the  passage  of  the  eccentric  through  an  arc 
h  i,  equal  to  e  g,  remaining  closed  thereafter  until  the  second  half  of  the 
revolution  is  completed. 

19.  Figs.  16  and  17  represent  the  third  arrangement,  in  which  there  is 
an  opening  in  the  valve,  as  large   as  the   port,   having  on   each  side   a  face 
equal  to  half  the  travel.      The  effect  produced  is  identical  with  that  of  the 
preceding  combination — that  is,  the  port  is  opened  and  closed  in  each  half 
of  the  revolution,  by  the  movement  of  the  eccentric  through  equal  arcs  in 
each.      But  it  is  produced  in  a  different  way,  requiring  a  perforated  instead 
of  a  solid  valve.     And  a  most  striking  and  distinctive  feature  of  this  move- 
ment is,  that  the  chords  of  the  arcs  just  mentioned,  which  may  be  called  the 
chords  of  action,  are  in  this  case  parallel  to  L  M,  instead  of  perpendicular  to 
it  as  in  the  others. 

20.  These,  then,  are  the  three   modifications  of  which  the  slide  valve, 
operated  by  an  eccentric,  is  capable.      It  has  seemed  best  to  describe  them 
by  themselves,  before   considering  them   as  connected  with  the    engine,  be- 
cause the  whole  nature  of  the  movement,  the  things  which  it  can  do  and  the 
way  in  which  it  does  them,  could  be  more  clearly  explained  by  isolating  it. 
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And  again,  the  reader,  thus  familiarized  with  all  the  peculiarities  of  the  com- 
bination in  the  abstract,  will  be  able  to  trace  with  greater  ease  the  applica- 
tion of  such  of  them  as  may  from  time  to  time  be  brought  into  play.  It  ia 
therefore  proper  to  conclude  this  preliminary  discussion  with  the  following 
synopsis,  which  gives  the  salient  features- of  its  results,  and  shows  at  a  glance 
the  family  likeness  as  well  as  the  individual  peculiarities  of  the  three  modi- 
fications of  the  movement. 

21.  The  "Use  of  Valve  "  indicates  its  office  as  applied  to  the  steam 
engine.  The  movements  are  numbered  1,  2,  and  3,  respectively,  in  the  order 
in  which  they  have  been  previously  considered  ;  the  travel  is  supposed  to 
be  given,  and  the  widest  port,  as  well  as  the  narrowest  valve,  which  can  be 
'employed  in  either  movement,  are  given  in  terms  of  this  travel.  The  chord 
of  action  referred  to  is  that  of  the  arc  through  which  the  eccentric  moves 
in  opening  and  closing  the  port  ;  then  letting 

t  =  Travel  of  Valve  ; 

p  =  Greatest  Breadth  of  Port ; 

b  =  Least  Breadth  of  Valve  ; 

* 

the  synopsis  may  be  conveniently  arranged  as  follows,  it  being  borne  in 
mind  that  the  port,  at  this  extreme  limit  of  breadth,  is  closed  only  at  one 
or  two  instants  in  the  revolution  of  the  eccentric  : 

SYNOPSIS. 


f 

Use  of  valve. 

Breadth 
of 
port. 

Breadth  of 
valve. 

Port  opened  and  closed 
in  each  revolution. 

Relation  of  chord  of 
action  to 
line  of  motion. 

Main  slide   1. 

»  —  t 

b  —  t..    ..) 

Independent  cut-  )  2. 
off  $  3. 

P  —  1' 

b=t  -pS 
b  —  t  -4-  »... 

Valve  solid  )  twice     ( 
Valve  perforated..  twice  

Perpendicular. 
Parallel. 

CHAPTER    II. 

INVESTIGATION     OF     THE     ACTION     OF     THE     VALVE,    AS     APPLIED     TO     A     SINGLE 

STEAM    PORT. 

22.  In  examining  the  special  application  of  the  slide  valve  to  the  steam 
engine,  we  have  first  to  consider  what  the  requirements  of  the  engine  are  ; 
for  the  valves,  of  whatever  kind,  being  to  that  machine  what  the  lungs  are  to 
the  body,  must  necessarily  be  so  actuated  as  to  regulate  the  admission    and 
escape  of  the  steam,  which  is  its  breath,  in  accordance  with    the    conditions 
imposed  by  the  motion  of  the   piston.     Now  the  admission  of  steam  is  one 
thing,  and  its  escape  is  another  ;  and  though  botli  may  be  regulated  by  what 
is  called  one  valve  because  it  is  made  in  one  piece,  yet  this  is  not  by  any 
means  necessary.       Four  separate  valves  may  be   and  sometimes  are  em- 
ployed— a  steam  and  an  exhaust  valve  at  each  end  of  the  cylinder  ;  and  even 
when  the  functions  of  all  these  are,  as  in  tlie  three-ported  or  common  slide 
valve,  performed  by  one  piece,  these  functions  are  none  the  less  distinct ;  that 
arrangement   is,  then,   a   complex,  though   not   a   complicated,  system    of 
valves.     Therefore,  taking  up  these  functions  separately,  we  will  first  con- 
sider  a  valve   as  having  for  its  sole  duty  the   admission  of  steam  into   one 
end  of  the  cylinder.     We  will  also  suppose  that  there  is  no  "  lead  ;"  in  other 
words,  that  the  port  is  to-  be  opened  at  the  precise  instant  when  the  stroke 
of  the  piston  begins. 

23.  It  is  evident  that  the   admission  cannot  continue  any  longer  than 
the  stroke  does,  so  that  by  the  time  that  is  completed,  the  valve  must  have 
opened  and  closed  the  port.     And  it  is  equally  evident,  that  the  port,  once 
closed,  must  remain   closed  during  the  whole  of  the  return  stroke  of  the 
piston.     These  conditions   determine  at  once   the  modification  of  the  move- 
ment which  must  be  used,   and  the  greatest  breadth    of  the  port  for  any 
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assumed  travel.  The  fact  that  the  port  must  be  opened  and  closed  but  once 
in  each  revolution,  limits  us  to  the  use  of  the  first  of  the  three  modifications 
previously  described  ;  and  the  breadth  of  the  port  is  determined  by  the  con- 
sideration that,  as  explained  in  connection  with  Fig.  8,  the  eccentric,  through 
whatever  arc  on  one  side  of  L  M  it  may  act  to  open  the  port,  acts  to  close  it 
through  an  equal  arc  adjacent  to  the  first,  on  the  opposite  side  of  that  line. 

24.  For,  since  both  operations  must  now  be  performed  in  just  half  a  revo- 
lution, each  of  these  arcs  must  be  equal  to  90°,  and  consequently  the  breadth 
of  the  port  will  be  half  the  travel,  as  shown  in  Fig.  18.     The  angular  posi- 
tion of  the  eccentric  is  also  thus  fixed  ;    for  this  must  be  such  that  the  port 
shall  be  opened  at  the  instant  the  stroke  begins — and  a  glance  at  the  figure 
shows  that  in  order  to  have  this  take  place,   the  eccentric  must   be  placed 
at  either  <7  or  h.     It  makes  no  difference,  of  course,  so  far  as  the  action  of  the 
valve  is  concerned,  which  of  these  points  is  selected  ;  but  if  it  be  h,  as  shown 
in  the  figure,  the  revolution  must  be  in  the  direction  indicated  by  the  arrow  ; 
if  it  be  g,  this  direction  must  evidently  be  reversed. 

25.  In  Figs.  3  and  5  were  given  representations  of  engines,  arranged  in 
the  simplest  possible  way,  with  direct  connections  between  the  piston  rod  and 
the  crank,  and  between  the  valve-stem   and  the   eccentric,  the  latter  being 
fixed  on  the  main  shaft.     By  comparing  Fig.  3  with  Fig.  18,  we  see  that  the 
relative  positions  of  the  parts  are  alike  in  both,  the  piston  being  at  the  begin- 
ning of  its  stroke,  or,  as  it  is  commonly  expressed,  "  the  engine  being  on  the 
dead  centre."     And  the  position  of  the  eccentric,  which  is  determined  by  the 
considerations  .just  explained,  illustrates   another  very  common   expression, 
that   "  the  eccentric  is  set  at  right  angles  to  the  crank."      This  is  only  true 
necessarily,  when  the    connections  are  direct,    as  shown,  or  such  as  to  be 
equivalent  to   them.      In   the    abstract,    it  must  be   understood,    that    the 
"  angular  position  of  the  eccentric,"  means  its  angular  position  in  relation  to 
the  line  in  which  its  motion  is  transmitted,  at  the  beginning  of  the  stroke  of  the 
piston.     It  is  not  by  any  means  obligatory  that  this  line  shall  be   parallel  to 
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the  face  of  the  valve  :  we  have  made  it  so  in  our  diagrams  for  the  sake  of 
simplicity — but  in  practice  we  may  do  otherwise  for  the  sake  of  convenience  ; 
by  the  introduction  of  rock-shafts,  levers,  and  links,  we  may  give  the  eccen- 
tric rod  any  direction  we  please.  But,  keeping  in  mind  that  all  these  links  are 
supposed  to  be  of  infinite  length,  or  that  the  "  vibrations  "  and  consequent 
irregularities  are  compensated  for  by  devices  similar  to  that  shown  in  Fig.  6, 
it  is  clear  that  all  these  changes  in  the  direction  of  the  motion  do  not  modify 
its  nature.  Consequently,  the  line  in  which  the  eccentric's  motion  is  first 
transmitted,  whatever  its  absolute  direction,  corresponds  to  the  line  L-M  ;  and 
upon  it  may  be  drawn,  if  we  choose,  a  valve  situated  with  regard  to  the 
eccentric  shaft,  precisely  like  the  one  shown  in  Fig.  18. 

26.  Again,  the  connection  between  the  piston  rod  and  the  main  crank 
need  not  be  direct ;  it  also  may  be  modified  by  the  introduction  of  a  rock-shaft 
and  lever,  of  which  a  notable  instance  is  seen  in  the  Vibrating  Lever  Engines 
of  Capt.  Ericsson,  so  well  known  from  their  use  in  the  Monitor  Iron-Clads. 

Nor  need  the  motion  of  the  valve  be  parallel  with  that  of  the  piston, 
even  if  the  connections  are  all  direct  ;  the  valve  face  has  sometimes  an 
inclination  to  the  axis  of  the  cylinder.  And,  finally,  there  need  not  be  any 
main  crank  at  all ;  we  may  if  we  choose  make  use  of  a  sun  and  planet  wheel, 
or  other  device,  in  order  to  procure  the  rotatory  motion. 

27.  From  these  considerations  we  see,  that  if  such  expressions  as  "  the 
eccentric  is  at  right  angles  to  the  crank,"  and  "  the  eccentric  is  ahead  of  the 
crank,"  are  true  in  regard  to  such  an  engine  as  that  shown  in  Figs.  3  and  5, 
they  are  so  only  by  accident  ;  the  position  of  the  eccentric  is  determined  in 
relation  to  the  line   in  which  its  motion  is  transmitted,  by  reference  to  the 
position  of  the  piston  ;  and  the  crank,  if  there  be  one,  must  take  care  of 
itself,  and  may  have  any  conceivable   position  in  reference  to  the  eccentric. 
Still  further,  it  is  to  be  noted  that  the  line  joining  the  centre  of  the  eccentric 
with  that  of  the  shaft  on  which  it  is  fixed,  will  be  at  right  angles  to  L  M  at 
the  beginning  of  the  stroke,  only  in  the  special  case  here  illustrated,  in  which 
the  eccentric  must  make  half  a  revolution  in  order  to  open  and  close  the  port. 
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The  chord  of  the  arc,  be  the  same  greater  or  less,  through  which  it  must  move 
in  order  to  do  this,  is  in.  all  cases  perpendicular  to  L  M;  and  therefore  will  only 
pass  through  o,  when  that  arc,  as  here,  is  equal  to  180°,  thus  admitting  steam 
from  the  exact  beginning  to  the  very  end  of  the  stroke.  So  that  the  first  of 
the  expressions  alluded  to,  at  least,  can  be  strictly  true  only  of  aii  engine  which 
"  follows  full  stroke  without  lead." 

28.  We  have  ascertained  the  particulars  of  the  construction  and  arrange- 
ment of  a  valve  adapted  to  the  engine  under  these  conditions  ;  let  us  now 
see  what  will  result  from  the  only  modification  possible,  a  reduction  in  the 
breadth  of  the  port.   In  Fig.  19  we  have  a  valve  precisely  like  that  shown  in 
Fig.  18  ;  but  the  edge  c  of  the  port  is  moved  to  the  left.      The  piston  being 
at  the  beginning  of  the  stroke,  the  port  ought  instantly  to  be  opened.    Erect- 
ing as  before  a  perpendicular  at  c,  it  is  obvious  at  a  glance  that  in  order  to 
open  the  port,  the  eccentric  must  be  advanced  from  its  former  position  to  the 
point  g,  and  when  that  is  done,  that  it  will  act  to  open  the  port  while  passing 
through  the  arc  g  f,  and  to  close  it  while  describing  the  equal  arc  /  A.     The 
whole  arc  gf  A  being  now  less  than  a  semicircumference,  it  follows  that  the 
piston  cannot  have  completed  its  stroke  by  the  time  the  port  is  closed.      In 
other  words,  instead  of  "following  full  stroke"  as  before,  the  engine  now 
"  cuts  off"  at  a  point  determined  by  the  length  of  the  arc  g  A. 

29.  A  comparison  of  these  two  figures,  18  and  19,  will  give  a  clear  insight 
into  the  mystery  of  "  lap."      In  each  case  the  valve  is  at  half  stroke  ;  in  the 
latter  the  valve  overlaps  the  port  on  the  opening  edge,  while  in  the  former  it 
does  not  ;  in  one  case  the  valve  is  said  to  have  lap,  and  in  the  other  not  to 
have  it. 

It  is  a  very  common  expression,  that  in  order  to  make  the  engine  cut 
off,  we  ' '  add  lap  to  the  valve  ; "  but  it  is  very  clear  that,  in  this  case  at 
least,  we  do  no  such  thing.  Other  things  remaining  unchanged,  we  partially 
stop  up  the  port ;  the  valve  has  "  lap,"  to  be  sure — but  it  comes  into  possession 
of  that  treasure  accidentally,  as  a  result ;  it  is  not  a  cause,  but  an  effect.  The 


THE   VALVE    APPLIED    TO    A   SINGLE   STEAM    PORT.  23 

real  cause,  it  is  necessary  to  observe,  is  not  the  reduction  of  the  port,  but  the 
change  in  the  angular  position  of  the  eccentric  ;  that  is  what  effects  the  cut- 
ting off  of  the  steam,  and  gives  the  valve  "  lap  "  when  at  half  stroke.  These 
things  it  does  of  necessity  ;  and  it  permits  us  to  make  the  port  actually 
smaller,  if  we  choose. 

30.  It  is  not  necessary  that  we  should  do  so,  however  ;  if,  as  in  Fig.  20, 
we  advance  the  eccentric  to  the  position  given  in  Fig.  19,  without  changing 
the  port,  it  will  be  seen  that  in  order  to  have  the  latter  opened  just  at  the 
beginning  of  the  stroke,  we  must  now  add  a  piece  to  the  valve,  equal  to  i  o, 
the  distance  through  which  the  eccentric  has  moved  it  in  reaching  its  new 
position.     The  operation  of  this  arrangement  will  then  be  exactly  similar  to 
that  of  the  preceding  one.     The  port  will  be  opened   and  closed  while  the 
eccentric  moves  from  g  to  A,  so  that  the  steam  will  be  cut  off  at  the  same 
point  ;    and  when  the  valve  is  at  half  stroke,  it  will  have  the  same  lap,  i  o. 
as  before.     If  we  have  in  this  case  actually  added  to  the  valve,  this  addition 
is  made,  and  becomes  "  lap,"  in  consequence  of  the  change  in  the   angular 
position  of  the  eccentric  ;   so  that  it  is  now,  no  less  than  before,  an  effect, 
not  a  cause. 

31.  It  needs  no  reflection  to  see  that  if  we  had  made  the  valve  wider 
without  changing  the  position  of  the  eccentric,  we  could  have  made  no  use  of 
the  addition,  and  in  order  to  have  the  port  opened  at  the   right  moment, 
would  have  been  obliged  to  push  the  valve  bodily  to  the  left,  just  as  much 
as  we  had  increased  its  breadth,  thus  depriving  it  of  its  lap,  and  letting 
the  steam  follow  full  stroke  as  at  first.      It  is  also  to  be  noted  that  although 
in  Fig.  20  we  have  not   reduced  the  port  in  fact,  we    have  in  effect,  because 
it  will  not  now  be   fully   opened  ;    the  position  of  .the  eccentric  being  the 
same  as  in  Fig.  19,  the  valve  can  move  no  farther  to  the  left  in   one  case 
than  in  the  other.      It  is  of  no  use  to  have  the  port  so  wide  that  it  cannot 
be  fully  opened  ;    we  have  all  along  supposed  it  not  to  be  ;    and  since  if 
we  do   not  stop  up  the  surplus  opening,    the   valve   does,  it  was  perfectly 
correct  to  speak  as  we  did  of  a  reduction  in  the  breadth  of  the  port  as  the 
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only   possible  modification    in  the    arrangement   adapted   to  a   full  stroke 
engine. 

32.  We  have  spoken  thus  fully  in  regard  to   this  matter  of  the  lap,  or 
cover,  of  the  valve,  because  it  is  our  aim  to  point  out  as  clearly  as  may  be 
the  actual  reasons  of  things  ;  and  this  expression,  "  adding  lap  to  the  valve," 
is  often  used  in  a  manner  calculated  to  mislead  ;  the  lap  is  spoken  of  as  the 
cause  of  the  change  in  the  action  of  the  valve,  leaving  the  fundamental  mod- 
ification, namely,  the   altered  angular  position  of  the  eccentric,  quite  in  the 
dark.       The  whole  matter,  which  is  sometimes  thus  made  to  seem  very  mys- 
terious, will,  we  think, be  perfectly  clear  on  an  examination  of  Figs.  19  and 
20,  and  may  be  thus  simply  stated  :    if  the  angular  position  of  the  eccentric 
be  such  that  the  valve  when  at  half  stroke  overlaps  the  port  on  the  opening 
edge,  the  opening  of  the  port  will  be  less  than  half  the  travel  by  an  amount 
equal  to  the  lap,  and,  the  port  being  opened  at  the  beginning  of  the  stroke 
of  the  piston,  will  be  closed  before  the  end. 

33.  We  have    now,  considering  the  valve  as  performing  the  single  duty 
of  admitting  steam  into  one  end  of  the  cylinder,  ascertained  the  conditions  of 
its  action,  and  the  limits  thus  imposed  on  its  construction  ;    the  whole  being 
summarily  comprehended  in  the  following  propositions  : 

1.  The   greatest  possible  opening  of  the  port  is  half  the  travel  of  the 
valve  ;  in  this  case  the  steam  is  admitted  during  the  whole  stroke  of  the  pis- 
ton, at  the  beginning  of  which  the  valve,  which  has  no  lap,  is  at  the  centre 
of  its  travel. 

2.  If  the  eccentric  be  so  placed  that  at  the  beginning  of  the  stroke  of 
the  piston  the  valve  is  not  at  the  centre  of  its  travel,  the  opening  of  the  port 
will  be  reduced,  and  it  will  be  closed  before  the  piston  completes  its  stroke. 

3.  In  this  case,  the  opening  of  the  port  will  be  less  than  half  the  travel, 
by  as  much  as  the  valve,  at  the  beginning  of  the  stroke  of  the  piston,  varies 
from  its  original  central  position.     And  when  the  valve  is  at  half  stroke  it 
will  overlap  the  port  on  the  opening  edge  to  the  same  extent- 
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4.  The  point  in  the  stroke  of  the  piston  at  which  the  port  will  be  closed 
and  the  steam  cut  off,  will  depend  upon  the  angular  position  of  the  eccentric 
at  the  beginning  of  the  stroke. 

34.  The  valve  as  adapted  to  engines  following  full  stroke,  requires  no 
farther  consideration  ;  it  remains  then  for  us  to  consider  its  adaptation  to 
those  in  which  it  is  required  to  cut  off  the  steam  at  any  given  point  in  the 
stroke. 

Supposing  then,  as  heretofore,  that  the  port  is  to  be  fully  opened,  there 
are  three  prominent  elements  to  be  taken  into  account;  viz.,  the  travel  of  the 
valve,  the  breadth  of  the  port,  and  the  point  of  cutting  off :  which  may  be 
varied  at  pleasure.  The  angular  position  of  the  eccentric,  which  we  have 
found  to  exert  a  controlling  influence,  is  not  overlooked  ;  inasmuch  as  it  has 
fixed  relations  to  the  other  elements,  it  will  be  determined  by  them  if  they 
be  first  decided  on.  The  question  with  which  we  have  to  do  may,  therefore, 
present  itself  in  practice  in  three  forms — for  we  may  be  required  to  find 
either  of  the  three  elements,  the  other  two  being  given — thus,  we  may  have, 

1.  Given,  the  breadth  of  the  port  and  the  travel  of  the  valve,  to  find 
the  point  of  cutting  off. 

2.  Given,  the  travel  and  the  point  of  cutting  off,  to  find  the  breadth  of 
the  port. 

3.  Given,  the  breadth  of  the  port  and  the  point  of  cutting  off,  to  find 
the  travel  of  the  valve. 

35.  No  mention  is  here  made  of  the  lap,  because  that,  as  well  as  the 
position  of  the  eccentric,  will  be  determined  as  a  consequence  of  a  determi- 
nation of  the  other  elements.     We  have  arranged  these  in  this  order,  because 
the  solution  of  the  problem  in  the  form  first  given,  will,  as  we  think,  be  more 
readily  explained  by  the  aid  of  a  diagram  similar  to  those  thus  far  used. 

Thus,  referring  to  Fig.  19,  we  suppose  the  breadth  of  the  port,  ed,  and 
the  travel  of  the  valve,  to  be  given. 
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Let  the  circle  in  the  diagram,  Fig.  21,  corresponding  to  that  in  Fig.  19, 
represent  the  path  of  the  eccentric,  and  the  diameter  /  /,  the  travel  of  the 
valve.  From/,  lay  off  fi  toward  I,  equal  to  the  given  breadth  of  the  port. 
Draw  through  i  the  chord  g  h,  perpendicular  to  /  I ;  this  corresponds  to  the 
perpendicular  erected  at  c,  in  Fig.  19,  and  as  shown  in  connection  with  that 
figure,  g  will  be  the  proper  position  of  the  eccentric  at  the  beginning  of  the 
stroke  of  the  piston,  the  revolution  being  in  the  direction  of  the  arrow,  and 
g  h  will  be  the  arc  through  which  the  eccentric  must  pass  in  order  to  open 
and  close  the  port ;  or,  in  other  words,  to  cut  off  the  steam. 

36.  Now  we  have  seen  at  the  outset,  that  the  motion  of  the  valve  is  in 
all  respects  similar  to  that  of  the  piston,  and  has  the  same  relation  to  it,  as 
though   a  crank  were  iised  for  converting  the  latter  into  rotatory  motion, 
whether  that  be  actually  the  case  or  not.     Consequently,  the  circle  may  also 
represent  the  path  of  the  main  crank,  if  there  be  one  ;  and  a  diameter  of  it 
will  properly  represent  the  stroke  of  the  piston,  whether  there   be   or  not. 
And  since  this  stroke  must  begin  when  the  eccentric  is  at  g.  it  follows  that 
the  diameter  g  k  is  the  one  which  must  be  thus  used. 

The  resemblance  to  the  preceding  figures  is  so  close  that  nothing  need 
be  said  in  explanation  of  the  action  of  the  valve.  It  is  evident  that  if  a  slot- 
ted cross-head,  as  indicated  in  faint  lines,  be  placed  at  right  angles  to  g  k,  it 
will  be  moved  by  the  crank-pin,  exactly  as  the  piston  must  move  ;  and  let- 
ting fall  from  h,  the  point  reached  by  the  eccentric  when  the  port  is  closed, 
hp,  perpendicular  to  g  k,  the  distance  g  p  will  clearly  be  that  travelled  by 
the  piston  up  to  that  time  ;  or,  in  other  words,  p  will  be  the  point  of  cutting 
off,  g  k  being  the  length  of  the  stroke,  and  g  the  beginning. 

37.  This  simple  diagram,  then,  gives  a  ready  solution  of  the  problem  in 
its  first  form.     It  was  before  ascertained  that  the  breadth  of  the  valve  must 
be  equal  to  the  travel,  and  that  the  breadth  of  the  port  and-  the  lap  together 
are  equal  to  half  the  travel.     Therefore,  making  /  i  =  breadth  of  port,  we 
have  the  lap  =  i  o  ;  the  chord,  perpendicular  to  f  I,  the  line  of  travel,  at  i 
the  opening  edge  of  the  port,  gives  at  once  g,  the  position  ©f  the  eccentric  at 
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the  beginning  of  the  stroke  of  the  piston,  and  g  h  the  arc  which  it  must  de- 
scribe before  the  steam  is  cut  off ;  and  the  perpendicular  h  p,  to  the  diame- 
ter g  k,  gives  g  p,  the  distance  followed.  And  the  second  form  is  obviously 
solved  by  a  mere  inversion  of  this  process  :  first,  considering  any  diameter, 
g  1;  as  the  stroke  of  the  piston,  set  off  g  p,  the  distance  to  be  followed  ;  then 
erecting  p  h  perpendicular  to  g  k,  we  have  g  h,  the  arc  to  be  described  by 
the  eccentric  during  the  opening  and  closing  of  the  port.  And  since  the 
chord  of  this  arc  is  perpendicular  to  the  line  of  motion,  we  have  but  to 
draw  a  diameter  / 1,  at  right  angles  to  g  h,  in  order  to  determine  that  line, 
when  g,  as  before,  will  be  the  position  of  the  eccentric  at  the  beginning  of 
the  stroke  of  the  piston  ;  and/  I  representing  the  travel  of  the  valve,  f  i  will 
be  the  breadth  of  the  port,  and  i  o  the  lap  of  the  valve  when  at  the  centre  of 
its  travel. 

38.  The  solution  of  the  third  case,  in  which  it  is  required  to  determine 
the  travel  of  the  valve,  the  breadth  of  the  port  and  the  point  of  cutting  off 
being  given,  requires  but  one  step   in  addition.     Thus,  in    Fig.  22,  taking 
any  diameter,  g  k,  as  the  stroke  of  the  piston,  setting  off  g  p,  the  distance  to 
be  followed,  and  proceeding  as  before,  we  find  /  i,  which  would  be  the  pro- 
per breadth  of  the  port,  if  the  circle  were  of  the  right  diameter.     If  the  given 
breadth  be  greater  or  less  than  f  i,  the  diameter  of  the   circle   must  be  in- 
creased or  diminished  in  the  same  proportion. 

Suppose  it  to  be  greater  :  prolong  if  to  n,  making  i  n  equal  to  the  given 
breadth  ;  draw  n  m  parallel  to  /  g,  cutting  i  g  prolonged  in  some  point  m} 
through  which  draw  m  r  parallel  to  g  o,  cutting/ 1  in  r  ;  then  m  r  will  be  the 
radius  sought,  or  half  the  required  travel ;  for,  from  the  similarity  of  the  tri- 
angles thus  formed,  we  have  r  m  :  i  n  :  :  o  g  :  if. 

If  the  given  breadth  of  the  port  be  less  than  if,  the  process  is  not 
changed  in  any  particular  ;  the  points  n' ,  m' ,  r' ,  as  shown,  merely  fall  with- 
in the  original  similar  triangle  fg  o,  and  the  required  radius  r'  m'  is  less  than 
o  g,  as  it  evidently  should  be. 

39.  "But,  "the  young  draughtsman  will  say,  "here  is  a  cylinder,  with 
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the  ports  already  made  ;  and  I  am  called  on  to  tell  how  much  lap  the  valve 
must  have  in  order  to  cut  off  at  a  given  point — or,  what  will  be  the  effect  of 
a  given  amount  of  lap  ? "  Very  likely  ;  but  a  little  reflection  will  show  that 
these  are  the  same  questions  which  we  have  just  been  considering,  in  a 
'  slightly  modified  and  less  direct  form. 

Referring  to  Fig.  21,  we  see  that  if  the  travel  be  assumed,  and  it  is  re- 
quired to  'follow  through  a  fraction  gp  of  the  stroke  g  Tc,  we  must,  in  the 
first  place,  have  the  eccentric  set  at  g  at  the  beginning  of  the  stroke  of  the 
piston,  / 1  being  the  line  of  motion  and  the  travel  of  the  valve  ;  that  being 
done,  the  lap  i  o  follows  as  a  matter  of  course  ;  and  conversely,  if  we  have 
given  a  lap  equal  to  i  o,  the  eccentric  must  also  be  placed  at  g,  and  gp  will 
be  the  distance  followed.  The  opening  edge  of  the  valve  will  move  back  to 
/,  and  as  i  is  the  opening  edge  of  the  port,  it  will  be  opened  to  the  extent 
if,  if  it  be  wide  enough  ;  it  cannot  be  opened  farther,  no  matter  how  wide 
it  is  ;  and  if  not  so  wide  as  that,  the  only  remedy  would  be  to  cut  away  the 
edge  f  until  it  is. 

40.  It  must  always  be  borne  in  mind  that  the  lap  is  dependent  on  the 
angular  position  of  the  eccentric  ;  that  is  the  element  of  prime  importance, 
the  point  on  which  the  others  hinge.     The  necessity  of  first  determining  it 
will,  perhaps,  be  more  clearly  seen  from  the  consideration  that  it  is  the  same 
for  a  given  point  of  cutting  off,  whatever  be  the  travel  of  the  valve  ;   as 
evidently  we  may  consider  any  of  these  diagrams  to  be  made  upon  any  scale 
we  please,  without  affecting  the  proportions  which  subsist  between  the  parts. 
If  then  the  third  case  had  been  put  in  the  very  common  form,  what  must  be 
the  travel  with  a  given  lap  in  order  to  cut  off  at  any  given  point,  it  is  clear 
that  Fig.  22  enables  us  to  answer  it  just  as  readily  as  before  ;  the  only  modi- 
fication in  the  original  construction  being  this,  that  after  finding  the  point  i, 
we  set  off  i  r  or  ir' ,  towards  o,  making  it  equal  to  the  given  lap,  and  draw 
r  m  parallel  to  gp  in  order  to  determine  the  travel ;  after  which  the  effective 
or  possible  breadth  of  the  port  is  easily  ascertained  as  before. 

41.  Having  thus  arrived  at  a  simple  and  ready  mode  of  constructing  the 
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valve  and  its  "movement"  under  the  conditions  and  consequent  limitations 
which  adapt  it  to  the  office  of  regulating  the  admission  of  steam  into  the 
•cylinder,  it  is  proper,  before  proceeding  farther,  to  explain  one  or  two  other 
modes,  which,  though  in  some  respects  less  direct  and  obvious,  may  in  others 
be  thought  preferable. 

In  Fig.  23  we  have  a  diagram  which  exhibits  the  relations  of  the  differ- 
ent elements  in  a  very  satisfactory  manner.  -On  any  diameter,//,  represent- 
ing the  travel  of  the  valve,  describe  a  semicircle  ;  draw  a  semidiameter  o  D 
at  right  angles  to//,  and  letting  that  represent  the  stroke  of  the  piston 
describe  on  it  a  circle  representing  the  path  of  the  main  crank.  Let  it  be 
required  for  example  that  the  engine  shall  "  follow"  one-fourth  of  the  stroke  ; 
let  the  stroke  begin  at  o,  and  lay  off  o  a  =  k  o  D  ;  draw  a  a'  parallel  to/I, 
and  also  o  a' ,  which  prolong  to  A  :  from  A  let  fall  on//  the  perpendicular 
A  A'.  Then  the  main  crank  being  supposed  to  turn  with  the  clock  and  the 
eccentric  against  it,  as  indicated  by  the  arrows,  A  o  will  be  the  proper  an- 
gular position  of  the  eccentric, /  A '  the  breadth  of  the  port,  and  A'  o  the  lap. 

42.  The  truth  of  this  is  not  so  evident  at  a  glance  as  that  of  the  fore- 
going constructions  :  since  the  main  crank  and  the  eccentric  must  in  fact 
move  in  the  same  direction  in  the  usual  arrangements  of  engines,  and  in  all 
cases  with  the  same  angular  velocity,  it  is  necessary  to  prove  that  the  angle 
oba'  measured  by  the  arc  o  a' ,  is  equal  to  twice  the  angle/  o  A,  measured 
by/  A ;  for  we  have  before  seen  that  the  arc  described  by  the  eccentric  in 
opening  and  closing  the  port  is  bisected  at/.  If  we  draw  the  radius  a'  b,  and 
join  a'  D,  it  will  be  seen  that  such  is  the  case  ;  for  the  angle  a'  b  o  at  the 
centre,  is  twice  the  angle  a'  D  o  at  the  circumference.  Also  a'  D  o  =/o  A, 
each  being  measured  by  half  the  arc  o  a' — the  first  because  it  is  inscribed  in 
the  circumference,  the  second  because  it  is  included  between  a  tangent  and 
a  chord  :  .'.fo  A  =  I  o  b  a  . 

This  process  may  also  be  inverted  with  equal  propriety,  setting  off/  A' 
=  any  given  port,  or  o  A'  =  any  given  lap  (the  travel  being  in  all  cases  as- 
sumed), then  erecting  the  perpendicular  A'  A,  joining  A  o,  and  drawing  a'  a 
parallel  to//,  we  find  o  a,  the  distance  followed. 


30  THE    VALVE    APPLIED    TO    A    SINGLE    STEAM    PORT. 

43.  Another  construction  is  given  in  Fig  24,  in  which / 1  represents  the 
travel  of  the  valve,  and  the  diameter  x  y,  at  right  angles  to  it,  the  stroke  of 
the  piston.     Setting  off  from  x,  the  beginning  of  the   stroke  of  the  piston, 
x  a  equal  to  the  distance  to  be  followed,  and  drawing  a  a'  parallel  to//,  join 
a'  x,  and  draw  o  A  parallel  to  a'  x.     A  will  be  the  initial  position  of  the  ec- 
centric, the  directions  of  the  revolutions  being  the  same  as  before  ;  and  letting 
fall  from  A  onfl  the  perpendicular  A  A',  we  have/  A'  =  the  opening  of  the 
port,  and  A  '  o  =  the  lap,  as  in  the  preceding  diagram.     In  this  also  the 
angle/  o  A  =  £  a  o  x  : — for  drawing  a  o,  we  have  in  the  isosceles  triangle 
a'  o  x,  the  two  angles  a'  x  o  and  x  a'  o,  at  the  base,  equal  to  each  other,  and 
each  to  A  o  y.     Therefore  the  remaining  angle  a1  o  x  =  180°     -2  A  o  y  : 
half  of  this  is  90°     -  A  o  y,  which  is  equal  to/  o  A.     The  dotted  semicircle 
described  on  the  semidiameter  o  y,  and  the  perpendicular  to  o  y  drawn  from 
the  intersection  of  that  semicircle  by  the  line  o  A,  sufficiently  indicate  the 
essential  similarity  of  this  to   the  preceding  diagram  :  the   only  difference 
being  that  the  whole  diameter  x  y,  at  right  angles  to  the  line  of  motion  of 
the  valve,  is  here  used  to  represent  the  stroke  of  the  piston,  instead  of  the 
half  of  it  as  in  Fig.  23. 

44.  There  is  also  a  modification  of  Fig.  23,  which  gives  the  position  of 
the  eccentric,  and  the  breadth   of  the  port,   in   a  manner   equally  simple, 
though  less  obvious.     This  modification  is  shown  in  Fig.  25.     In  this,  / 1  as 
before  representing  the  travel  of  the  valve  and  its  line  of  motion,  let  the 
radius/ c  represent  the  stroke  of  the  piston,  which  is  supposed  to  begin  at/, 
the  paths  of  the  main  crank  and  of  the  eccentric  being  as  before  represented 
by  the  smaller  and  the  larger  circles.     From /lay  offfp,  the  distance  to  be 
followed  ;  erect  the  perpendicular  p  a,  draw  c  a,  and  prolong  it  to  A  :  then 
A  will  be  the  proper  position  of  the  eccentric,  the  segment  A  a  the  opening 
of  the  port,  and  a  c  the  lap. 

The  truth  of  the  proposition  as  to  the  angular  position  of  the  eccentric 
is  evident,  from  the  fact  that  the  angle  f  c  a,  at  the  circumference,  is  half 
the  angle/  o  a,  at  the  centre  of  the  smaller  circle. 
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The  opening  of  the  port,  according  to  the  previous  construction,  would 
have  been  found  by  letting  fall  from  A  on//  the  perpendicular  A  m.  But 
the  triangle  A  cf  being  isosceles,  the  side  A  c  will  be  divided  by  a  perpen- 
dicular from  /  upon  it,  into  parts  respectively  equal  to  those  into  which 
f  c  is  cut  by  A  TO  :  therefore  since  fa  c,  being  inscribed  in  a  semicircumfer- 
ence,  is  a  right  angle,  we  have  A  a  =fm,  =  breadth  of  part,  and  a  c  = 
m  c  =  lap. 

It  is  so  obvious,  that  we  need  but  point  out  the  fact,  that  if  the  breadth 
of  the  port  be  given,  (the  travel  being  assumed  in  all  these  cases),  the  point 
of  cutting  off  may  be  found  as  readily  as  in  the  preceding  constructions, 
by  setting  off/  m  equal  to  the  given  breadth,  erecting  the  perpendicular 
m  A,  drawing  A  c,  and  dropping  the  perpendicular  a  p  from  the  intersection 
a  of  the  radius  A  c  with  the  smaller  semicircle,  upon  the  line//. 

45.  In  regard  to  Case  3d,  that  is,  given  the  breadth  of  the  port  (or 
the  lap),  and  the  point  of  cutting  off,  to  find  the  travel,  it  is  evident,  keep- 
ing in  mind  as  explained  in  connection  with  Fig.  22,  that  the  angular  posi- 
tion of  the  eccentric  is  the  same  for  any  travel,  that  we  have  only  to  con- 
struct a  diagram  by  either  of  the  methods  just  explained,  or  any  equivalent 
one,  assuming  any  travel  at  pleasure,  of  a  movement  adapted  to  cutting  off 
at  the  given  point. 

Then,  the  linear  elements  being  functions  of  the  angle  (/  o  A,  Fig.  23), 
subtended  by  the  initial  position  of  the  eccentric  with  the  line  of  motion,  and 
having  fixed  proportions  to  each  other,  the  travel  may  be  increased  or 
diminished  to  suit  the  given  lap  or  port,  as  explained  in  connection  with 
Fig.  22. 

We  have  thus  endeavored  to  point  out  to  the  beginner  what  seems  to  us 
the  shortest  and  most  direct  pa.th  to  a  clear  comprehension  of  the  nature  of 
the  valve  movement  derived  from  an  eccentric,  in  its  elementary  form,  and  of 
the  limitations  of  its  capabilities,  inherent  in  itself,  and  arising  from  the  con- 
ditions under  which  alone  it  can  be  adapted  to  practical  use  in  the  steam 
engine  ;  and  leave  him  to  strike  out  other  paths,  should  he  desire  to  know 
them,  by  his  own  ingenuity  and  application. 


CHAPTER   III. 

INVESTIGATION     OF     THE     ACTION     OF     THE     EXHAUST     VALVE,    OF     THE     THREE- 
PORTED   OR   COMMON    SLIDE,  AND    OF   THE   TWO-PORTED   OR    BOX  VALVE. 

46.  It  will,  no  doubt,  be  remarked  that  all  that  has  thus  far  been  said 
does  not  explain  the  operation  of  the  most  common  form  of  the  valve,  which 
by  the  sliding  motion  controls  both  the  entrance  and  the  exit  of  the  steam, 
and  that  at  both  ends  of  the  cylinder. 

This  is  true,  and  with  purpose.  For  it  is  necessary  that  the  steam 
should  get  into  one  end  of  the  cylinder  before  it  gets  out,  and  before  it  gets 
into  the  other.  And  a  valve  which  could  not  regulate  one  of  these  opera- 
tions, would  hardly  be  competent  to  control  them  all  ;  besides,  it  seemed  to 
us  that  the  discussion  would  be  made  more  simple  and  the  results  more  obvi- 
ous, by  confining  it  at  first  to  the  consideration  of  one  port  for  one  purpose. 
And  we  preferred  to  examine  first  the  action  of  the  valve  as  arranged  and 
used  for  the  admission  rather  than  the  escape  of  the  steam,  because  thus, 
while  the  whole  movement  was  equally  well  illustrated,  the  effects  of  modify- 
ing the  proportions  of  its  elements  could  be  more  appropriately  shown. 

47.  Let  us  now  see  what  is  required  of  the  valve  in  order  to  render  it 
capable  of  controlling  the  reverse  process.     Just  because  it  is  the  reverse 
process,  it  is  natural  to  infer  that  the  action  of  the  valve  has  simply  to  be 
reversed — so  that  the  port  shall  be  open,  while  before  it  was  closed,  and 
vice  versa. 

And  this  is  strictly  true,  if  the  engine  follows  full  stroke  ;  in  which  case 
it  is  clear  that  a  port  may  be  open  at  each  end  of  the  cylinder,  for  the 
entrance  of  the  steam  on  one  side  of  the  piston  and  its  escape  on  the  other, 
during  the  entire  stroke  ;  or,  during  a  half  revolution  of  the  eccentric. 

Referring  to  Fig.  18,  we  see  that  the  valve  there  shown,  and  discussed 
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as  a  steam  valve,  will  operate  equally  well  as  an  exhaust  valve,  if  we  do 
either  of  two  things  :  namely,  reverse  the  direction  of  the  revolution,  or  the 
position  of  the  eccentric.  The  piston  must  move  to  the  left ;  so  that,  steam 
being  admitted  on  the  right  by  another  port,  the  one  shown,  now  controlling 
its  escape,  must  remain  closed  until  the  end  of  the  stroke  ;  and  it  will  do  so, 
evidently,  if  the  direction  of  the  revolution,  indicated  by  the  arrow,  be 
reversed,  or  if  the  eccentric  be  placed  at  g  instead  of  A,  without  changing 
the  direction  of  the  revolution. 

48.  Retaining  our  original  supposition,  that  the  valves  are  set  with  no 
lead,  the  same  limitation  applies  to  the  time  during  which  the  exhaust  port 
can  remain  open,  that  we  found  to  be  true  in  regard  to  the  steam  port ;  for 
it  certainly  must  be  closed  as  soon  as  steam  is   admitted,  and  must  remain 
closed  during  the  whole  stroke,  in  order  to  be  just  opening  when  the  piston 
begins  to  return. 

Since,  then,  the  port  must  be  opened  but  once  in  the  course  of  the  revo- 
lution, and  can  not  be  open  during  more  than  half  of  it,  we  can  not  go 
beyond  the  limit  shown  in  Fig.  18: — using  a  valve  of  the  first  kind,  and 
making  the  breadth  of  the  port  equal  to  half  the  travel. 

But  we  may  stop  short  of  that  limit,  as  we  did  with  the  steam  valve  ; 
we  may  make  the  port  narrower,  so  that  it  will  be  closed  before  the  stroke 
is  completed  ;  thus  in  fact  "  cutting  off"  the  escape  of  the  steam  :  which  is 
technically  called  "  cushioning  on  the  exhaust,"  and,  within  narrow  limits,  is 
found  of  advantage  in  engines  running  at  a  high  speed,  in  arresting  without 
shock  the  momentum  of  the  piston  and  its  attachments. 

The  whole  arrangement,  then,  being  precisely  like  that  of  the  steam 
valve,  the  diagrams  and  modes  of  procedure  explained  in  the  preceding 
chapter  apply  equally  well  to  the  construction  of  the  exhaust  valve  and  its 
"  movement,"  which  therefore  require  no  farther  independent  discussion. 

49.  Hitherto,  for  reasons  already  given,  we  have  supposed  each  valve, 
of  whichever  kind,  to  govern  only  one  port  ;  thus  requiring  four  in  order  to 
make  the  engine  work.     But  even  if  four  ports  are  used,  it  is  not  necessary 
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that  the  valves  should  be  independent  of  each  other  and  worked  by  separate 
eccentrics.  If,  for  example,  the  steam  valve  at  one  end  of  the  cylinder  be 
rigidly  connected  to  that  at  the  other,  it  will  be  seen  that  one  eccentric  will 
operate  them  both. 

Thus,  in  Fig.  26,  we  have  a  "full  stroke"  engine,  with  the  steam  valves 
at  the  opposite  ends  of  the  cylinder  so  connected  as  to  form  but  one  piece  ; 
the  piston  being  at  the  beginning  of  a  stroke,  the  valves  must  be  at  half 
stroke — there  being  of  course  no  lap,  as  shown. 

It  must  be  observed,  that  the  opening  edges  of  the  two  ports  have 
opposite  relations  to  the  valves,  when  considered  in  reference  to  the  motion. 
In  the  given  position  of  the  eccentric,  the  valve  moves  to  the  left  ;  and  it  is 
to  be  kept  in  view,  that  while  the  opening  edge  of  the  port  a  is  at  the  right, 
that  of  the  port  b  is  on  the  left,  so  that  the  former  is  just  opening,  while  the 
latter  is  just  closing  ;  and  the  one  will  stay  open,  the  other  closed,  during 
the  whole  stroke,  or  half  a  revolution,  when  the  valves  will  have  returned  to 
their  present  position.  The  eccentric  having  then  reached  the  point  g,  it  is 
plain  that  the  port  I  will  -be  opened,  and  the  port  a  closed,  during  the  return 
stroke  of  the  piston.  It  is  therefore  evident  that  whether  a  and  5  be  used 
as  steam  ports  or  as  exhaust  ports,  the  two  valves  will  be  actuated  by  one 
eccentric  in  exact  accordance  with  the  requirements  of  the  engine  following 
full  stroke  without  lead. 

50.  But  the  two  valves  thus  connected  may  be  arranged,  as  in  Tig.  27, 
so  that  the  opening  edges  of  the  two  ports  shall  be  on  the  same  side.  In 
this  case,  the  breadth  being  equal  to  half  the  travel  as  before,  each  port  will 
be  open  during  half  a  revolution  ;  but  since  they  are  both  open  at  the  same 
time  and  closed  at  the  same  time,  it  follows  that  if  one  be  used  as  a  steam 
port,  the  other  must  be  used  as  an  exhaust  port,  when,  as  in  Fig.  26,  one 
eccentric  will  operate  the  two  valves  so  that  the  engine  shall  follow  full 
stroke  without  lead. 

Again,  if  we  suppose  the  ports  to  be  narrowed  equally  from  their  open- 
ing edges,  as  in  Fig.  28,  the  ports  at  the  opposite  ends  of  the  cylinder  will 
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be  closed  at  the  same  point  in  the  stroke  ;  for  an  examination  of  the  figure 
shows  that  the  valves  not  only  .overlap  the  ports  equally  when  the  eccentric 
is  in  the  position  represented,  but  after  half  a  revolution  will  do  so  again;  so 
that  to  open  and  close  a  port  in  either  case,  the  valves  must  move  through 
the  same  distance  and  the  eccentric  through  the  same  arc.  In  this  arrange- 
ment, then,  if  a  and  b  are  two  steam  ports,  they  are  controlled  by  one 
eccentric  so  that  the  engine  follows  equally  in  both  the  direct  and  the  return 
stroke  of  the  piston  ;  if  they  be  two  exhaust  ports,  the  engine  cushions 
equally  at  each  end  of  the  cylinder,  the  whole  movement  in  either  case 
being  perfectly  adapted  to  the  purpose  for  which  it  is  designed. 

51.  Since,  in  the  arrangement  shown  in  Fig.  27,  the  relations  of  each 
valve  to  the  opening  edge  and  to  the  motion  are  identical,  it  is  obvious  that 
the  two  ports  will  be  opened  and  closed  simultaneously,  whether  they  be  of  the 
breadth  there  shown,  or  narrowed  equally  from  their  opening  edges.  In 
the  latter  case,  it  will  be  seen  hereafter  that  this  circumstance  which  we 
have  emphasized  imposes  limits  upon  the  extent  to  which  the  reduction  of 
the  ports  can  be  carried;  for  it  must  be  kept  in  mind  that  one  of  them  being 
a  steam  port,  the  other  must  be  used  for  the  opposite  purposes  of  the 
exhaust. 

The  distance  between  the  two  ports,  a  and  b,  in  these  last  illus- 
trations, is  entirely  arbitrary  ;  we  may  increase  or  diminish  it  at  pleasure, 
or  according  to  circumstances.  We  may,  for  illustration's  sake,  imagine  it 
to  be  reduced  to  zero — supposing  an  impervious  plane  to  separate  them. 
In  that  case,  it  follows  that  one  valve-face,  of  a  breadth  equal  to  the  travel, 
would  govern  both  ports.  But  we  do  not  wish  the  reader  to  lose  sight  of 
the  circumstance  that  there  are  in  fact  two  valves :  there  are  certainly  two 
ports,  and  neither  of  them  would  be  of  use  without  a  valve  ;  and  with  a 
valve,  either  of  them  can  be  used  without  reference  to  the  other.  If  it  is 
a  steam-valve,  to  follow  full  stroke,  there  will  be  no  lap  ;  if  it  be  a  cut-off 
valve,  there  will  be  lap,  whether  another,  or  a  dozen  more,  be  attached  to  it 
or  not. 
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52.  There    are  two  reasons  for  thus  emphatically  calling  attention  to 
this  point.     One  is,  that  in   speaking  of  the.  lap  of  the  valve,  we  use  that 
term  to  indicate    the  lap  of  one  valve   over  the  edge  of  one  port.     This, 
because  there  need  not  be  more  than  one  port,  and  its  valve  will  have  lap  if 
it  is  to  close  before  the  end  of  the  stroke.     We  know  that  there  are  those 
who,  in   reference    to    a    three-ported   slide-valve,  speak   of  the   "lap"  as 
meaning  what  they  call  the  whole  lap  ;  that  is,  the  lap  at  both  ends  taken 
together.     We  must    confess    our   inability  to  see  any  reason  for  this  ;  it 
certainly  cannot  be   denied  that  a  single  cut-off  valve  has  "  lap  "  over  the 
edge  of  its  port  when  at  the  centre  of  its  travel,  and  as  it  is  not  necessary  to 
connect  another  one  with  it,  why  should  the  lap  of  this  possible  addition  be 
added  to  that  of  the  first  ? 

The  other  reason  is,  that  the  keeping  constantly  in  view  this  distinction 
between  the  two  valves,  however  close  the  connection  between  them,  will  be 
found  of  great  advantage  in  examining  the  operation  of  this  same  three- 
ported  valve,  which  comes  next  in  order  ;  for  this,  as  before  intimated, 
combines  in  itself,  in  one  piece,  the  whole  system  of  four  valves,  which  are 
requisite  to  the  working  of  the  engine. 

But  if  we  choose,  in  accordance  with  common  usage,  to  speak  of  one 
sliding  piece  as  a  valve,  without  reference  to  the  number  of  the  ports  which 
it  governs,  we  have,  thus  far,  reached  these  conclusions  :  that  the  require- 
ments of  the  engine  may  be  met  by  the  use  of  two  valves,  one  for  the 
admission  of  steam,  the  other  for  its  escape  ;  and  that  these  valves  may  be 
so  constructed  as  to  cut  off  the  steam  at  any  given  point  in  the  stroke,  while 
the  exhaust  may  or  may  not  continue  during  the  whole  stroke. 

53.  But  the  motion  of  a  valve  governing  two  steam  ports,  at  opposite 
ends  of  the   cylinder,  is  necessarily  such  that  the  steam  can  enter  only  one 
of  them  at  a  time  ;  and  since  it  might  go  out  through  the  same  port  at  which 
it  came  in,  the  valve  may  be  so  contrived  as  to  allow  it  to   escape  through 
one    while    entering   the    other ;    thus    practically   simplifying   the    whole 
arrangement  by  reducing  the  number  of  parts,  making  use  ,of  only  one  slid- 
ing valve,  and  two  ports  into  the  cylinder. 
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In  Fig.  29  is  represented  the  arrangement  which  is  usually  adopted  for 
accomplishing  this  result,  known  as  the  "  three-ported  slide-valve,"  from  the 
three  ports  of  the  valve  seat. 

Of  these,  the  two  outside  ones,  C,  C',  correspond  to  the  ones  shown  at  a 
and  b,  Figs.  26,  27,  and  28 — one  communicating  with  each  end  of  the  cylinder. 
Between  them  is  a  third  port,  E,  which  leads  to  the  open  air  or  to  the  con- 
denser, as  the  case  may  be.  By  the  motion  of  the  valve  from  side  to  side, 
this  port  E  is  brought  alternately  into  communication  with  the  two  ports 
C,  C',  through  the  intervention  of  a  cavity,  G,  in  the  face  of  the  valve. 

54.  The   breadth  of  this   third   port,  and   the   distances   between   its 
edges  and  those  of  the  steam  ports  C,  C',  may  be  varied  at  discretion  ;  but 
obviously  they  should  be  such  that  when  either  of  the  latter  is  fully  open  on 
the  outer  or  steam  side,  the  other  should  have   at  least  as  free  an  opening 
for  the  escape  of  the  steam  from  the  other  end  of  the  cylinder. 

In  the  figure,  the  valve  is  shown  as  arranged  to  follow  full  stroke,  all 
the  parts  being  in  their  proper  relative  positions  ;  and  a  glance  at  it  shows 
that  as  the  steam  will  enter  through  one  port  and  escape  through  the  other 
during  the  whole  stroke,  its  operation  is  precisely  equivalent  to  that  of  two 
valves  like  that  shown  in  Fig.  '26,  one  for  steam  and  the  other  for  exhaust. 

55.  In  both  cases,  the  opening  edges  on  the  steam  side  are  the  outer 
edges  ;  so  that,  whether  the  ports  retain  their  full  breadth  or  are  reduced  as 
in  Fig.  28,  the  valve,  considered  as  a  steam  valve  only,  is  equivalent  to  a 
solid  block,  in  which  we  are   at  liberty  to  form  the  cavity  G,  to  accommo- 
date the   exhaust,  or  for  any  other  purpose  ;  and  we  may  make  it  of  any 
size,  so  long  as  we  leave  the  faces  D,  D',  as  wide  as  the  ports  C,  C',  in  order 
to    prevent   the    steam    from   passing  directly  around  those  faces  without 
entering  the  cylinder. 

56.  But  when  the  ports  are  opened  for  the  escape   of  the  steam,  it  is 
from  the  inner  edges,  so  that  in  fact  the  action  of  this  arrangement  is  pre- 
cisely like  that  of  the  one  shown  in  Fig.  27 ;  as  no  matter  in  which  direction 
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the  valve  moves  from  its  position  in  Fig.  29,  one  port  is  opened  to  steam 
and  the  other  to  the  exhaust.  If  then  these  ports  be  reduced,,  the  operation 
of  the  combination  will  only  be  equivalent  to  that  of  two  valves  like  the  one 
shown  in  Fig.  26,  when  they  are  reduced  equally  from  both  edges.  When 
this  is  done  the  steam  will  be  cut  off,  at  any  desired  point  in  the  stroke  ;  but 
since  the  ports  close  simultaneously,  the  escape  of  the  steam  from  before  the 
advancing  piston  ceases,  at  the  same  instant  when  its  admission  ceases 
behind  it :  so  that  what  is  left  of  the  stroke  must  be  made  against  a  con- 
stantly increasing  back  pressure,  by  a  constantly  diminishing  impelling 
power. 

57.  So  long  then,  as  the  opening  of  the  ports  is  equal  to  half  the  travel, 
and  the  engine  follows  full  stroke,  this  combination  fulfils  perfectly  all  its 
requirements  ;  but  as  soon  as  we  attempt  to  make  it  perform  the  duty  of 
cutting  off  the  steam,  the  action  on  the  exhaust  side  is  deranged. 

The  cause  and  nature  of  this  derangement,  in  one  case,  have  just  been 
alluded  to.  But  the  whole  matter  will  perhaps  be  made  more  clear  by  first 
considering  the  case  illustrated  in  Figs.  30  and  31.  As  before  remarked,  the 
escape  of  the  steam  is  a  thing  entirely  distinct  from  its  entrance,  although  the 
same  port  answers  for  both  purposes  ;  and  although  the  port  C,  for  instance,  is 
covered  by  one  valve-face,  the  force  of  the  distinction  on  which  we  have  insisted, 
by  which  that  valve-face  is  to  be  regarded  as  two  valves,  will  be  seen  from  the 
consideration  that  it  opens  the  port  on  the  right  for  steam,  but  on  the  left 
for  exhaust.  In  the  full-stroke  engine,  Fig.  29,  the  breadth  of  this  valve- 
face  being  precisely  equal  to  that  of  the  port,  the  valve  is  at  mid-travel  when 
the  stroke  of  the  piston  begins,  and  there  is  neither  lap  nor  lead  on  either  the 
steam  or  exhaust  side  of  the  ports. 

In  order  to  make  the  engine  cut  off,  it  is  necessary  to  reduce  the  open- 
ing of  the  ports  on  the  steam  side,  as  shown  in  Fig.  30,  in  which  the  valve  is 
also  shown  at  mid-travel ;  the  valve-faces  overlapping  the  ports  at  the  outer 
ends.  No  change  has  been  made  in  the  exhaust  part  of  the  valve  ;  the 
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eutting-off  being  a  function  of  the  steam  side  only,  the  ports  have  been  nar- 
rowed from  the  outer  edges  only,  leaving  the  inner  ones  as  they  were. 

58.  The  effect  produced  on  the  action  of  the  exhaust  valve,  by  this,  is 
shown  in  Fig.  31,  in  which  the   eccentric  has  been   advanced  to  its  proper 
position  at  the  beginning  of  the  stroke,  so  that  the  port  C  is  just  opening  to 
steam. 

The  other  port  C',  therefore,  must  be  opened  to  an  extent  just  equal 
to  the  lap  on  the  steam  side  shown  in  Fig,  30,  that  is,  just  as  much  as 
the  port  was  reduced.  But  it  is  open  from  its  inner  edge  ;  in  other  words, 
the  exhaust- valve  has  what  is  technically  called  "  lead,"  since  it  opens  before 
the  stroke  of  the  piston  begins. 

The  consideration  of  this  modification  has  hitherto  been  excluded  for 
simplicity's  sake  ;  it  is  now  forced  upon  us,  and  its  nature  clearly  illustrated 
by  a  comparison  of  these  two  figures 

59.  The  exhaust  valve  in  this  case,  it  will  be  observed,  has  "lead  "  as  a 
matter  of  necessity,  just  as  the  steam  valve  has  "  lap,"  and  both  these  things 
depend  on  the  angular  position  of  the  eccentric.     Having  determined  that, 
the  steam-valve  must  be  set  accordingly  ;  and  the  exhaust  valve  moves  with 
it,  only  because  it  is  in  one  piece  with  it.     But  if  we  return  to  the  con- 
sideration of  a  valve  governing  one  port  for  one  purpose,  it  is  clear  that  we 
may  advance  the  eccentric  at  pleasure  beyond  the  position  hitherto  assigned 
it,  so-  as  to  have  the  port  open  at  the  beginning  of  the  stroke,  to  any  desired 
extent,  whether  it  be  a  steam  port  or  an  exhaust  port.     This  is  "giving 
lead "  ;  its  object  being,  in  the  case   of  the  steam  valve,  to  admit  so  much 
steam  as  will  fill  the  ports,  passages,  and  the  clearance  between  the  piston 
and  the  cylinder  head,  so  that  at  the  beginning  of  the  stroke,  there  shall 
be  acting  upon  the  piston,   steam  of  the  full  working  pressure.     And  it  is 
sometimes  carried  beyond  that,  for  the  purpose  of  aiding  in  arresting  the 
momentum  of  the  piston   and  its   connections.     On  the  other  hand   it  is 
plausibly  argued  that  this  can  be  more  economically  done  by  "  cushioning  on 
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the  exhaust,"  as  before  explained,  since  the  power  required  is  extracted  from 
steam  which,  having  done  its  work  in  the  engine,  is  on  its  way  out,  and  might 
as  well  be  impressed -into  this  service,  as  to  be  allowed  to  escape,  and  leave 
the  work  to  be  done  by  a  fresh  supply. 

60.  Opinions  differ  exceedingly  in  regard  to  this,   however;  which  is  \ 
not  so  much  to  be  wondered  at,  because   the   circumstances  vary  so  much  in 
different  cases.     But,  as  we  have  said,  we  do  not  pretend  to  decide  disputes 
of  this  kind,  our  object  being  to  show  how  to  construct  the  movement  so  as 
to  accomplish  the    result  which  in   the  judgment  of  the    reader   is   most 
desirable. 

Lead  may  also  be  given  to  the  exhaust  valve  ;  the  object  being  to  give 
the  steam  behind  the  piston  ample  time  and  opportunity  to  escape,  so  that 
upon  the  return  stroke  less  back  pressure  shall  be  opposed  to  the  useful 
effect  of  the  steam  which  causes  it,  as  well  as  to  .diminish  the  momentum 
of  the  piston  when  approaching  the  end  of  the  stroke,  by  removing  the  im- 
pelling power. 

61.  In  Fig.  32  is  shown  a  valve  whose  port  is  equal  to  half  the  travel, 
being  precisely  like  the  one  shown  in  Fig.  18  ;  but  instead  of  being  arranged 
without  lead  as  there,  the  eccentric  is  now  advanced  from  g  to  e,  at  the  be- 
ginning of  the  stroke.     Under  these  circumstances,  an  inspection  of  the  dia- 
gram shows  that,  as  before,  the  port  will  be  closed  when  the  eccentric  reaches 
h  ;    in  other  words,  as  that  is  before  a  half  revolution  from  e  has  been  made, 
it  will  be  closed  before  the  stroke  is  completed. 

How  much  before  is  readily  ascertained  ;  for  in  order  to  complete  the 
half  revolution,  after  closing  the  port,  the  eccentric  must  move  through  the 
arc  h  e ' ;  from  e,'  draw  e  d'  perpendicular  to  g  h  :  then,  if  g  h  represents  the 
stroke  of  the  piston,  d'  Ji  will  be  that  portion  of  it  which  will  be  performed 
while  the  eccentric  describes  the  arc  h  e'.  And  since  the  arc  g  e  is 
equal  to  h  e',  it  follows  that  the  port  is  opened  when  the  piston 
has  yet  to  move  through  a  distance  d  g  equal  to  d'  h,  before  beginning 
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the  stroke.  It  appears,  then,  that  an  engine  which  without  lead  follows 
full  stroke,  will  cut  off  a  little  before  the  end  of  the  stroke,  if  lead  be 
given  to  it. 

62.  This,  practically,  instead  of  being  undesirable,  is  quite  the  reverse  ;  ^ 
and  besides,  this  effect  is  so  slight,  that  it  is  usual  to  arrange  the  ports  as  we 
have  described,  and  adjust  the  lead  by  moving  the  eccentric  ahead  until  the 
result  is  satisfactory.     But  if  we  will  be  precise  about  it,  and  insist  that  the 
engine  shall  have  lead  and  still  follow  to  the  very  end  of  the  stroke,  we  must 
overstep  the  limit  previously  ascertained,  and  make  the  port  wider  than  half 
the  travel,  as  shown  in  Fig.  33.      Here,  the   eccentric  being  at  e  at  the  be- 

'  ginning  of  the  stroke,  will  evidently  close  the  port  at  the  end  of  it,  after  de- 
scribing the  half  revolution  e  h  e' ;  but  the  port  is  now  wider  than  half  the 
travel,  the  excess  being  equal  to  df,  one  half  the  linear  lead  assumed. 

63.  We  may,  evidently,  give  lead  to  a  valve  which  cuts  off  as  well  as 
to  one  that  does  not  ;  and  if  we  do,  it  will  cut  off  a  little  sooner  than  before. 

Tor  example,  in  Fig.  34,  we  have  a  port,  to  open  and  close  which  the 
eccentric  must  move  from  /  to/' .  If  there  be  no  lead,  we  find  the  point  of 
cutting  off,  as  before  shown,  by  drawing  /  'A  perpendicular  to  the  diameter 
/  k,  which  represents  the  stroke  of  the  piston.  If  now  we  give  lead,  by 
placing  the  eccentric  at  e,  as  shown,  when  the  stroke  begins,  the  arc  through 
which  it  must  move  in  order  to  close  the  port  is  diminished  by  the  portion 
ef;  and  this  being  equal  to  e'f',fe'  is  equal  to  ef' ;  therefore,  drawing  e  A' 
perpendicular  to  the  same  diameter/  k,  as  before,  we  find/  A',  the  distance 
followed  with  the  given  lead. 

64.  The    perpendicular    distance  c  d  between   the    chords  e  e    and  //' 
being  equal  to  the  lead,  we  may   readily  ascertain  by  a  reversal  of  this 
process,  the  breadth  of  the  port  and  the  proper  adjustment  of  the  parts  in 
order  to  cut  off  at  any  desired  point  with   a  given  lead.     Thus  in  Fig.  35, 
let  the  circle  represent  the  path  of  the  eccentric,  and  also  that  of  the  main 
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crank.  Draw  any  diameter /&,  and  letting  it  represent  the  stroke  of  the 
piston,  lay  off/ A,  the  distance  to  be  followed;  erect  A  e'  perpendicular 
tofk;  about /as  a  centre,  with  a  radius//  equal  to  the  linear  lead,  describe 
an  arc,  and  draw  e'  m  tangent  to  it.  Draw  also  through  0,  L  M  perpen- 
dicular to  e  m  ;  it  will  be  the  line  of  motion,  and  ff  perpendicular  to  it  will 
determine  a  b  the  breadth  of  the  port,  and  e,  where  e'  m  cuts  the  circum- 
ference, will  be  the  position  of  the  eccentric  at  the  beginning  of  the  stroke. 

65.  Fig.  33  also  illustrates  the  state  of  things  implied  by  the  expression 
"minus  lap,"  which  means  that  the  valve  when   at  mid- travel  is  overlapped 
by  the  port.     Although  it  was  alluded  to   as  if  intended  for  the  purpose  of 
securing  the   admission  of  steam  during  the  entire  stroke  even  when  lead 
was  given,  this  arrangement  is  in  practice  applied  only  to  the  exhaust  side, 
and  that  very  rarely. 

The  figure  shows  the  extreme  limit  to  which  it  can  be  carried,  the 
"  minus  lap  "  being  one-half  the  lead,  and  the  port  consequently  remaining 
open  to  the  absolute  end  of  the  stroke  ;  we  may  make  it  less,  in  which  case  the 
port  will  be  closed  sooner,  but  evidently  we  cannot  make  it  greater.  And  in 
reference  to  Fig.  29,  it  was  remarked  that  the  faces  D,  D'  must  necessarily 
be  equal  to  the  ports,  C,  0',  in  breadth  :  it  follows  then  that  if  such  a  valve 
be  made  with  "  minus  lap  "  on  either  the  steam  or  the  exhaust  side,  there 
must  be  an  equal  -positive  lap  on  the  other  side,  in  order  to  prevent  a  direct 
communication  between  the  steam  supply  and  the  escape,  as  shown  in  Figs. 
36  and  37  ;  a  glance  at  which  also  shows  that  there  will  be  a  linear  lead 
equal  to  twice  the  minus  lap,  on  the  same  side,  when  the  other  side  is  just 
opening. 

66.  The  constructions  already  given  for  determining  the  action  of  an 
eccentric  upon  one  valve  governing  one  port,  may  now,  since  they  include 
all  the  elements  that  enter  into  the  movement  of  the  three-ported  slide,  be 
applied  to  the  solution  of  problems  relating  to  the  latter,  keeping  in  view  its 
compound  nature  as  really  consisting  of  four  separate  valves. 
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A  few  words  may,  however,  be  added  in  regard  to  the  derangement 
of  the  exhaust  action,  alluded  to  as  resulting  from  the  attempt  to  use  this 
combination  as  an  expansion  valve.  Briefly  recapitulating,  we  found  the 
valve  shown  in  Fig.  29,  having  neither  lap  nor  lead  on  either  side,  to  be 
precisely  equivalent  in  effect  and  similar  in  action  to  four  single  valves  like 
that  shown  in  Fig.  18,  or  to  two  double  ones  like  the  one  represented  in 
Fig.  27. 

If,  as  in  Fig.  30,  the  steam  side  of  the  port  be  reduced,  we  find  that 
though  we  give  no  lead  on  the  steam  side,  there  will  be  on  the  exhaust  side, 
as  shown  in  Fig.  31,  a  linear  lead  equal  to  the  steam  lap. 

67.  The  result  of  this  may  be  found  by  a  simple  application  of  the 
diagrams,  Figs.  21  and  32  ;  in  the  latter  figure  it  is  to  be  remarked  that  if 
h  I  be  drawn  perpendicular  to  e  e',  we  may  let  e  e'  represent  the  stroke  of 
the  piston,  in  which  case  e  I  will  be  the  distance  followed.     It  is  therefore 
plain  that  in  the  diagram  drawn  over  the  valve  in  Fig.  31,  if  ee'  represent 
the  stroke  of  the  piston,  the  steam  will  be  cut  off  behind  it  at  A,  and  the 
exhaust  closed  before  it  at  a.     Had  the  same  lead  been  given,  without  reduc- 
ing the  port,  these  two  things  would  have  taken  place  simultaneously  at  a. 
If,  now,  we  wish  to  cut  off  at  the  same  point,  A,  and  yet  to  have  no  lead  on 
either  side,  we  can  effect  this  by  adding  to  the  exhaust  side  of  the  valve  an 
amount  of  lap  equal  to  that  acquired  on  the  steam  side  by  the  reduction  of 
the  port,  as  shown  in  Figs.  38  and  39. 

68.  Under  these  circumstances,  since  the  ports  open  and  close  simulta- 
neously, the  action  again  becomes  identical  with  that  of  Fig.  27,  and  the  sup- 
pression of  both  the  supply  behind  and  the   escape  before  the  piston  will 
take  place  at  the  given  point  A.     If,  then,  we  attempt  to  cut  off  very  early 
in  the  stroke  by  means  of  this  valve,  we  are  confronted  by  one  of  two  diffi- 
culties :  if  we  make  no  change  on  the  exhaust  side,  we  find  the  steam  escap- 
ing before  it  has  had  a  chance  to  do  all  its  work  ;  if  we  equalize  the  lap,  the 
steam  is  opposed  in  its  effort  to   do   its  work  by  an  injurious  back  pressure, 
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resulting  from  the  too  early  closing  of  the  exhaust  port,  which  thus  confines 
the  steam  before  the  advancing  piston.  The  escape  of  the  steam  is  now  con- 
trolled by  a  movement  specially  arranged  to  regulate  its  entrance  and  sup- 
pression ;  and  since  the  functions  are  distinct,  this  is  clearly  a  faulty  device, 
„  if  we  attempt  to  carry  expansion  very  far  by  means  of  it.  On  the  steam 
side  the  action  is  correct ;  but  since  it  introduces  a  great  lap  on  that  'side,  we 
have,  in  these  two  cases,  either  the  exhaust  beginning  too  soon,  if  on  that 
side  we  have  all  lead  and  no  lap,  or -ending  too  soon  if  we  add  an  equal  lap 
and  give  no  lead. 

69.  In  this  case  it  is  correctly  called  adding  lap  ;  because,  while  on  the 
steam  side  the  lap  comes  of  itself  as  a  result  of  changing  the  angular  position 
of  the  eccentric,  we  are  not  obliged  to  have  any  on  the  exhaust  side.  "We  may 
add  it  or  not,  .as  we  choose  ;  and,  what  is  more,  we  may  add  more  or  less,  up 
to  a  certain  limit,  which  will  be  readily  seen  from  a  glance  at  Figs.  31  and 
39,  with  a  moment's  consideration  of  the  nature  of  the  motion.     In  Fig.  31, 
the  valve  has  been  pushed  bodily  to  the  left  by  the  angular  advance  of  the 
eccentric  ;  the  exhaust  port  C'  is  therefore   open  to  that  extent,  since  no 
change  has  been  made  on  that  side  of  the  valve,  whereas  the  opening  edge 
of  the  steam  port  C  has  been  moved  to  the  left  as  far  as  the  valve  has,  so 
that  it  is  still  covered.     In  Fig.  39,  the  exhaust  port  is  also  covered  by  the 
addition  of  an  equal  amount  of  lap.     Now,  if  the  eccentric  be  advanced  still 
farther,  so  as  to  give  lead  on  the  steam  side,  we  shall  have  the  same  lead  on 
the  exhaust  side  in  Fig.  39,  and  so  much  more  than  there  is  already  in  Fig. 
31  ;  unless,  in  the  former  case,  we  choose  to  destroy  it  by  adding  so  much 
more  lap  to  the  exhaust  side.     As  it  is  necessary  that  the  exhaust  port  should 
open  at  least  as  soon  as  the  stroke  begins,  it  is  obvious  that,  having  now 
made  the  exhaust  lap  equal  to  the  sum  of  the  lap  and  lead  on  the  steam  side, 
we  have  reached  the  limit,  beyond  which  we  cannot  increase  it ;  but  we  have 
the  option  of  making  it  as  much  less  as  we  think  best. 

70.  This  may  be  seen  from  another  point  of  view,  thus  :  in  Fig.  29,  the 
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valve  is  at  mid-travel  when  the  stroke  begins.  If  by  an  angular  advance  of 
the  eccentric  the  valve  be  moved  a  certain  distance,  it  will  pass  beyond  the 
opening  edges  of  both  ports  alike,  and  if  no  change  be  made  there  will  be  so 
much  lead  on  both  sides.  If  this  distance  be  considerable,  we  had  before 
seen  that  the  engine  requires  the  steam  port  to  be  reduced  by  moving  its 
opening  edge  nearly  as  far  as  the  valve  was  moved,  the  difference  remaining 
as  lead,  and  the  amount  of  reduction  appearing  perforce  as  lap  when  the 
valve  is  at  mid-travel.  But  on  the  exhaust  side  we  may  add  lap  or  not, 
retaining  the  whole  or  any  part  of  the  lead  ;  the  sura  of  the  lap  and  lead 
on  either  side  being  equal  to  the  distance  from  the  central  position  at  which 
the  valve  is  placed  when  the  stroke  begins. 

71.  We   are   therefore    enabled    within    these    limits    to    compromise 
between  the  two  sources  of    derangement  on  the  exhaust  side.     "Lead" 
implies  that  a  port  is  opened  before  the  beginning,  "lap"  involves  its  being 
closed  before  the  end,  of  the  stroke  ;  and  one  or  both  these  conditions  are 
imposed   on   the  exhaust  side,  as  well  as  on  the  steam  side  of  this  valve,  un- 
less it  be  made  to  follow  full  stroke.     The  results  are  good  in  moderation, 
but  not  desirable  in  excess  ;  and  it  is  evident  from  what  has  been  deduced, 
that  there  is  a  limit  beyond  which  expansion  cannot  be  carried  by  the  use  of 
the  three-ported  slide-valve,  without  over-balancing  the  resulting  gain  by 
the  unavoidable  derangement  of  the  exhaust  action. 

The  determination  of  this  limit  is  not  within  the  scope  of  this  treatise, 
which  has  to  do  with  geometrical  instead  of  physical  considerations  ;  so, 
leaving  the  reader  to  decide  for  himself  at  what  point  his  engine  shall  cut 
off,  and  how  he  will  proportion  the  "lead"  to  the  "cushion"  on  the 
exhaust  side,  we  shall  content  ourselves  with  presenting,  in  Pig.  40,  a  diagram 
which  will  enable  him  in  a  simple  and  ready  way  to  construct  the  valve  and 
its  movement  accordingly. 

72.  The  travel  of  the  valve  being  first  determined,  describe  with  it  as  a 
diameter  a  circumference  representing  the  path  of  the  eccentric.     Let  any 
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diameter,  f  k,  of  this  circle  represent  the  stroke  of  the  piston  ;  lay  off  f  A, 
the  distance  to  be  followed,  and  draw  A  e  perpendicular  iofk:  describing 
about/ an  arc  with  a  radius//  equal  to  the  steam  lead,  draw  e'  w  tangent 
to  it,  cutting  the  eccentric's  path  in  e,  and  also//'  parallel  to  e  e' .  Thus  far 
the  diagram  is  identical  with  Fig.  35,  and  drawing  the  line  of  motion  L  M 
through  0  perpendicular  to  e  e',  we  have  c  d  the  opening  of  the  steam  port, 
e  the  position  of  the  eccentric  at  the  beginning  of  the  stroke,  d  x  the  lead 
and  d  0  the  lap,  the  sum  x  0,  of  the  lap  and  lead,  being  equal,  as  we  have 
just  seen  it  should  be,  to  the  motion  of  the  valve  caused  by  advancing  the 
eccentric  to  e  from  its  central  position  y.  And  on  the  exhaust  Bide  this 
same  distance,  x  0,  is  to  be  divided  between  lap  and  lead.  Assuming 
that,  as  is  found  best  in  practice,  the  exhaust  lead  is  to  be  greater  than  the 
steam  lead,  let  it  be  laid  off  from  x  to  n,  and  through  the  latter  point  draw 
the  chord  h  h'  parallel  to  e  e' . 

73.  It  is  then  clear  that  we  may  make  the  exhaust  port  equal  to  c  n, 
and  that  with  the  lap  n  0,  the  port  will  be  opened  and  closed  while  the 
eccentric  moves  from  h  to  h'.  It  has  moved  from  h  to  e  before  the  beginning 
of  the  stroke/  k  ;  therefore,  if  we  set  off  the  remainder  e  c  h'  from/  to  ra 
and  draw  m  A' perpendicular  tofk,  we  shall  find /A',  the  distance  travelled 
by  the  piston  before  the  escape  is  shut  off. 

Now,  in  order  to  construct  the  valve  and  seat,  let  the  former  be  at  mid- 
travel  ;  then,  making  the  exhaust  port  equal  to  c  n  and  the  exhaust  lap 
equal  to  n  .0,  we  have  only  to  add  the  steam  lap  c  g  equal  to  d  0  in  order 
to  complete  one  valve  face,  the  action  of  which  is  sufficiently  obvious.  In 
proceeding  with  the  seat  we  must  first  determine  the  face  of  the  bridge  n  p, 
separating  the  port  already  found  from  the  central  one  leading  to  the  dis- 
charge. We  have  spoken  of  the  port  just  laid  out  as  the  exhaust  port  ;  that 
was  simply  because  it  will  be  opened  to  the  full  extent  c  n  only  on  the 
exhaust  side,  while  on  the  steam  side  it  will  only  be  opened  to  the  distance 
c  d.  Technically,  the  two  outer  ports  are  called  steam  ports,  and  the  central 
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one  only  is  known  as  the  exhaust  port.  As  to  the  dimension  n  p,  it  is 
arbitrary,  that  is,  it  depends  on  practical  and  physical  considerations  with 
which  we  have  nothing  to  do.  It  is  next  to  be  noted  that  as  the  point  0  of 
the  valve  moves  to  the  left  as  far  as  c  to  open  the  port  already  drawn,  it 
will  move  to  the  right  as  far  as  B  in  order  to  open  the  other  ;  so  that  from 
B  to  the  point  r,  the  other  edge  of  the  exhaust  port,  we  must  set  off  a  dis- 
tance equal  to  c  n,  the  breadth  of  the  port ;  after  which  r  t  is  made  equal  to 
p  n,  r  s  to  p  0,  and  the  other  parts  of  that  end  of  the  valve  and  seat  made 
similar  to  those  of  the  other  end,  as  already  drawn. 

74.  Thus  constructed,  the  valve  and  its  seat  are  of  the  least  length  that 
will  admit  of  an  exhaust  opening  equal  to  c  n,  which,  under  the  conditions, 
is  possible.      But  if  it  be  thought  unadvisable  to  make  the  ports  and  pas- 
sages larger  than  is  required  by  the  opening  on  the  steam  side,  c  d,  it  is  evi- 
dent that  each  of  the  ports  in  the  seat  may  be  reduced  by  the  distance  d  n, 
each  valve  face  and  the  cavity  0  s  being  shortened  to  the  same  extent.    The 
lap  remaining  unchanged,   there    would  be  no  difference  in  the  lead  or  in 
the  time  of  closing  the  ports ;  the  only  change  in  the  action  would  be,  that 
the   edges  of  the  cavity  0  s  in  the  valve  would  move  beyond  the  edges  c 
and  u  of  the  ports,  to  a  distance  equal  to  d  n. 

75.  So  much  for  the  three-ported  slide-valve — a  name  derived,  as  above 
stated,  from  the  three  ports  in  the  valve  seat.     Now,  since  the  steam  enters 
and  leaves  the  cylinder  through  the  two  ports  that  communicate  with  it,  the 
third,  or  exhaust  port,  can  be  dispensed  with,  if  some  other  means  are  pro- 
vided for  the  final  release  of  the  steam.     Such  an  arrangement  is  shown  in 
Fig.  41,  and  is  known  as  the  two-ported,  or  sometimes  as  the  box,  slide-valve. 
The  top  of  this  valve  is  open,  and  moves  steam-tight  in  contact  with  the 
lower  side  of  the  valve-chest  cover,  an  opening  through  which  permits  either 
the  entrance  or  the  exit  of  the  steam,  generally  the  former,  so  that  the  valve 
chest  is,  in  fact,  an  exhaust  chest,  and  the  inner  edges  of  the  valves  are  the 
steam  edges,  and  in  consequence  the  piston  moves  in  the  opposite  direction 
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to  that  in  which  the  common  valve  would  make  it  move,  the  direction  of  the 
revolution  being  the  same. 

76.  The  figure  represents  a  full  stroke  valve,  with  its  movement  dia- 
gram ;  in  regard  to  which  it  need  only  be  remarked,  that  the  radius  of  the 
travel  circle  must  of  course  be  equal  to  the  breadth  of  the  port  cd ;  and  since 
that  port  is  to  be  fully  opened,  the  port  c  a  in  the  valve  must  have  the  same 
breadth.     Also,  that  the  valve  being  at  mid-travel,  the  distance  g  i,  from 
the  edge  of  the  opening  g  h  in  the  valve-chest  cover,  must  of  course  be  equal 
to  half  the   travel,  while  i  I,  the  bearing  surface,  is  arbitrary,  being  deter- 
mined by  practical  considerations  involved  in  so  packing  it,  as  to  secure  a 
steam-tight  joint  with  the  least  friction.     It  is  plain  that  whereas  the  com- 
mon slide-valve  has  the  steam  pressure  on  the  back  of  it,  this  form  has  the 
advantage  of  being  perfectly  balanced.     And  it  is  also  obvious  that  it  may 
be  arranged  to  cut  off  just  as  the  other  one  can,  and  with  the  same  disad- 
vantages. 

77.  The  diagram,  Fig.  42,  illustrates  the  construction  of  the  valve  and 
the  movement,  which  is  precisely  the  same  as  that  of  Fig.  40,  except  that 
the  steam  and  exhaust  edges  are  transposed,  thus  :  the  circle  being  described 
with  the  given   travel,  any   diameter,  fk,   representing  the  stroke   of  the 
piston  /A  is  made  equal  to  the  distance  to  be  followed,  A  e  drawn  perpen- 
dicular tofk,  and  e'lv  tangent  to  a  circle    described  about/,  with  a  radius 
equal  to  the  linear  lead,  and//'  parallel  to  e'w,  cutting  at  a  the  line  of  mo- 
tion L  M,  which  is  perpendicular  to  e'w  :  a  b  is  then  the  breadth  of  the  port, 
a  0  the  steam  lap,  and  a  r  the  steam  lead.     Assuming  either  r  d  the  exhaust 
lead,  or  d  0  the  exhaust  lap,  draw  through  d  the  chord  Ji  h'  parallel  toff; 
set  off  from //5m  equal  to  ebh',  draw  mA'  perpendicular  to  fk,  arid  A' 
will  be  the  point  of  closing  the  exhaust,  cb,  equal  to  dO,  being  the  exhaust 
lap.     Make  Ov  =  ab,  and  vu  =  Os  =  2  travel,  and  complete    the  valve 
and  seat.     Also  make  g  i=  \  travel,  g  n  and  i  I  being  determined  arbitrarily, 
arid  the  construction  is  complete. 


CHAPTER  IV. 

OF    INDEPENDENT   CUT-OFF   VALVES. 

"78.  The  three-ported  valve  described  in  the  last  .chapter  may  be  properly 
called  the  "  main  slide  valve,"  because  it  governs  the  ports  which  communi- 
cate directly  with  the  cylinder,  and  is  competent  to  regulate  both  the 
entrance  and  the  exit  of  the  steam,  acting  well  as  an  expansion  valve  within 
certain  limits.  But  the  disadvantages  already  spoken  of  render  it  necessary 
to  make  use  of  other  arrangements  when  it  is  desired  to  cut  off  early  in  the 
stroke  ;  some,  of  which,  involving  the  use  of  slide  valves,  operated  by  eccen- 
trics, it  is  proper  to  introduce  to  the  reader's  notice.  Allusion  has  already 
been  made  to  the  fact  that  these  disadvantages  may  be  avoided  by  the  use 
of  two  valves,  like  the  one  shown  in  Pig.  26,  one  for  steam  and  the  other  for 
exhaust,  operated  by  distinct  eccentrics,  thus  enabling  the  exhaust  to  con- 
tinue through  the  whole  stroke,  if  desired,  while  the  steam  valve  may  be 
made  to  cut  off  at  any  point.  Owing,  however,  to  the  fact  that  the  "  inde- 
pendent exhaust  valve  "  must  necessarily  be  placed  with  its  face  outwards, 
having  the  steam  pressure  upon  it  from  within  the  cylinder,  another  difficulty 
arises  from  the  great  additional  waste  space  involved  when  this  arrangement 
has  been  adopted;  in  consequence  of  which,  preference  is  generally  given  to 
what  are  called  "independent  cut-off  valves." 

79.  When  one  of  these  is  employed,  the  main  valve,  of  the  kind  pre- 
viously described,  is  retained  :  being  usually  made  to  follow  full  stroke,  its 
function,  so  far  as  the  steam  is  concerned,  is  simply  to  direct  it,  while  the 
supply  lasts,  into  the  right  end  of  the  cylinder. 

The  duty  of  the  first  arrangement  of  the  independent  cut-off  valve, 
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which  is  operated  by  another  eccentric,  is  solely  to  regulate  the  supply  of 
steam  to  the  main  valve,  admitting  it  into  the  steam  chest,  in  which  the 
latter  works,  at  the  beginning  of  each  stroke,  and  cutting  it  off  at  the  proper 
time. 

80.  Under  thesfe  circumstances  it  is  evident  that  the  ports  governed  by 
this  valve  must  be  opened  and  closed  twice  during  each  revolution  ;  so  that 
we  may  adopt  either  of  the  two  varieties  of  valve  shown  respectively  in  Fig. 
10  and  Fig.  11. 

The  general  arrangement  of  the  two  valves  is  shown  in  Fig.  43  :  the 
main  valve  working  in  a  steam  chest,  upon  the  back  of  which  is  formed  the 
seat  of  the  cut-off  valve,  which  is  here  shown  as  a  single  one  of  the  second 
variety,  Fig.  10. 

The  action  is  obvious :  the  new  valve  opens  and  closes  the  port  once  in 
each  stroke,  thus  regulating  the  supply  of  steam,  while  the  main  valve  con- 
trols its  distribution,  and,  at  the  same  time,  attends  to  its  release  after  its 
work  is  done.  .  And  since  it  cannot  admit  steam  to  the  cylinder  when  there 
is  none  to  admit,  it  may  of  course  always  be  made  so  as  to  follow  through 
nearly  or  quite  the  whole  stroke,  thus  leaving  the  exhaust  free  and  undis- 
turbed. And  the  cut-off  valve,  being  operated  by  a  separate  eccentric,  may, 
when  desired,  be  thrown  out  of  gear,  leaving  its  ports  open,  so  that  in  cases 
of  emergency  the  engine  may  be  worked  at  full  stroke.  Lead  may  also  be 
given  to  this  valve  independently;  and  abstractly  it  would  seem  that  it  ought 
to  be  set  so  as  to  open  a  little  before  the  main  valve,  inasmuch  as  the  valve 
chest  has  first  to  be  filled  with  steam. 

81.  The  action  of  this  form  of  valve,  in  respect  to  the  manner  in  which 
it  opens  and  closes  the  port,  is  identical  with  that  shown  in  Fig.   19,   as 
already  explained  ;    consequently,  since  this  again  is  precisely  that  of  the 
steam  side  of  the  three-ported  valve,  discussed  in  the  preceding  chapter,  the 
diagram,  Fig.  35,  shows  the  method  of  constructing  this  valve  and  its  move- 
ment, so  as  to  cut  off  at  any  required  point  with  any  assumed  lead.     In  Fig. 
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43  we  have  shown  the  cut-off  valve  seat  with  only  one  port,  as  illustrating 
the  abstract  principle  only  of  its  arrangement  and  operation  in  connection 
with  the  main  valve.  In  practice,  however,  it  is  usual  to  connect  two  or 
more  valves  together,  and  to  provide  the  seat  with  a  corresponding  number 
of  ports.  Since  the  valve  has  no  cavity  in  it,  and  in  fact  consists  simply  of 
a  plate  in  which  a  number  of  these  ports  are  cut,  its  appearance  under  these 
circumstances  sufficiently  justifies  the  name  "  gridiron  valve,"  by  which  it  is 
frequently  called. 

82.  The  object  of  increasing  the  number  of  ports  is  to  increase  the  area 
of  the  steam  supply.     But    it  may  be  said,  that  instead  of  adding  another 
valve  and  port,  the  area  might  be  doubled  by  making  one  port  of  twice  the 
breadth.     This  is  true  ;  but  in  that  case  the  breadth  and  travel  of  the  valve 
must  also  be  doubled,  whereas  in  adding  another  valve  and  port  the  travel 
need  not  be  increased.     Since  in  each  case  the  valve  face,  or  bearing  sur- 
face, is  doubled,  it  is  evident  that  the  latter  expedient  involves  only  half 
the  friction  of  the  other  ;    of  itself  a  sufficient  reason  for  its  adoption.     But 
this  is  not  all,  for  the  former  requires  the  length  of  the  valve  chest  to  be 
doubled,  since  the  travel  and  valve-face  are  both  doubled. 

83.  Space  is  saved  in  this  direction  by  the  other  plan,  thus  :    The  whole 
traverse  of  a  single  valve  would  be  its  breadth  plus  its  travel  ;    if  we  add 
another  valve  and  port  (which  as  shown  in  Chap.  1  are  together  equal  to  the 
travel),  the  whole  traverse  will  be  the  breadth  plus  twice  the  travel  ;   while, 
if  we  double  everything,  we   should  have  twice  the  breadth  plus  twice  the 
travel.     By  increasing  the  number  of  the  ports,  then,  without  changing  the 
travel,  instead  of  increasing  their  size  and  the  travel  too,  we  shall  find  that 
although  every  port  added  will  make  the  "  gridiron  "  so  much  longer  than 
the  corresponding  single  valve   would  be,  yet  the  traverse  or  length  of  the 
valve  seat  will  be  shorter  by  just  the  breadth  of  each  additional  valve  face, 
while  the  friction  will  be  reduced  just  as  many  times  as  the  number  is 
increased. 
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84.  Figs.  44  and  45  illustrate  sufficiently  the  method  of  constructing 
this  valve  and  its  movement,  to  cut  off  at  a  given  point,  with  or  without  lead  ; 
the  similarity  to  Fig.  35  being  so  great  that  no  explanation  is  required.     It 
is,  however,  to  be  observed  that  as  the  edge  b  will  move  to  the  right  as  far 
nsg,  the  distance  fg  between  the  ports  cannot  be  diminished,  because  the 
valve  face  a  b  would  obstruct  the  port  g  h,  in  moving  to  the  right,  and  in 
moving  to  the  left  the  edge  c  would  pass  beyond  /,  partially  covering  the 
port  if  •  beside  which,  the  opening  b  c  would  be  less  than  the  port  g  h  •   so 
that  although  the  cutting  off  would  be  correctly  performed,   the  steam  sup- 
ply would  be  interfered  with.      The  valve,  then,  is  of  the  least  length  that 
will  at  once  utilize  the  whole  travel,  give  the  full  steam  supply,  and  cut  off 
at  the    given  point  ;    but  evidently  the   distances  fg,  b  c  may  be  equally 
increased  to  any  extent  without  affecting  the  action.     If,  again,  other  ports 
be  added,  it  would  not  be  essential  that  the  spaces  between  them  should  be 
equal  ;   but  since  nothing  could  be  gained  by  making  them  otherwise,  we 
may  confine  ourselves  to  the  consideration  of  valves  whose  ports  are  equi- 
distant. 

85.  Let  it  now  be  required  to  adapt  a  valve  to  a  seat  already  made.     If 
the  ports  are  to  be  fully  opened,  it  is  evident  that  the   diagram  when  com- 
pleted must  resemble  Fig.  45,  if  lead  is  to  be  given,  or  Fig  44,  if  not.     In 
either  case  the  travel  is  equal  to  the  sum  of  the  breadth  of  a  port  and  the 
distance  to  the  next,  as  if  plusfg  ;  and  the  point  of  cutting  off  is  found  by 
a  reversal  of  the  process  of  constructing  the  diagram,  first  drawing  the  chords 
Jc  Jc, '  e  e',  through  the  edges^and  b  of  the  port  and  the  valve  respectively, 
the  latter  being  placed  over  the  seat  with  the  required  lead,  and  then  letting 
fall  e1  A  perpendicular  to  the  diameter  Jc  I,  which  represents  the  stroke  of  the 
piston  :  I A  will  be  the  distance   followed,  and  e  the  position  of  the  eccentric 
at  the  beginning  of  the  stroke.     If  there  be  no  lead,  it  is  obvious  that  e  will 
coincide  with  /,  as  in  Fig.  44. 

86.  But  again,  after  both  the  valve  and  the  seat  are  made,  it  may  be 
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desired  to  change  the  point  of  cutting  off.  And  within  certain  limits  this  is 
possible,  if  proper  changes  are  made  in  the  travel  and  in  the  angular  posi- 
tion of  the  eccentric. 

This  will  be  clear  from  an  examination  of  Fig.  46.  The  valve  being 
just  on  the  point  of  opening,  the  indefinite  lines,  x  y,  w  v,  are  drawn  per- 
pendicular to  L  M,  the  line  of  motion,  through  the  edges  m,  n. 

Let  the  eccentric  be  at  this  time  at  any  point  e  of  the  line  x  y,  below 
L  M  ;  and  let  it  revolve  in  the  direction  indicated  by  the  arrow,  about  a 
centre  in  the  line  L  M.  From  the  previous  discussion  of  the  action  of  the 
valve,  we  know  that  at  the  end  of  a  half  revolution  the  eccentric  must  be 
found  in  the  line  w  v  ;  consequently,  if  we  set  up  n  Tc  equal  to  e  m,  and  join 
k  e,  this  last  line  will  be  the  diameter  of  the  circle  described  by  the  eccentric, 
and  its  intersection  with  L  M  will  be  its  centre  ;  and  it  is  clear  that  k  e  bisects 
m  n  in  0.  Now  had  we  originally  placed  the  eccentric  at  /  instead  of  e,  it 
would  after  the  half  revolution  have  been  found  at  I,  I  n  being  equal  to/m/ 
and/ 1,  the  diameter  of  the  eccentric's  path  in  that  case,  would  also  pass 
through  0.  It  appears,  then,  that  about 0,  the  middle  point  of  mn,  we  may 
describe  any  circle  cutting  the  lines  x  y,  w  v,  and  consider  it  the  eccentric's 
path.  In  this  figure,  as  in  the  two  preceding  ones,  k  e  is  assumed  equal  to 
a  p  ;  when  this  is  done,  the  edge  m  moving  to  the  left  as  far  as  a,  the  port 
will  be  fully  opened  ;  and  drawing  e'A.  perpendicular  to  be,  we  have  e  A  the 
distance  followed. 

When  the  travel  is  assumed  equal  to/?,  it  is  evident,  not  only  that  the 
port  will  only  be  opened  to  the  distance  b  n,  but  that  the  angle  I  0  I'  being 
less  than  the  angle  k  0  k'  in  the  first  circle,  the  port  will  be  closed  earlier  in 
the  stroke  than  before,  the  new  point  of  cutting  off  being  found  in  the  same 
manner,  by  drawing  a  perpendicular  from/ to  the  diameter//. 

87.  If  we  make  the  travel  equal  to  n  m,  the  port  will  not  be  opened  at 
all ;  but  if  we  are  prepared  to  sacrifice  the  steam  supply,  we  can  by 
approaching  this  limit  cut  off  as  early  in  the  stroke  as  we  please.  If  we  go 


54  TO    MAKE    A    GIVEN    VALVE   CUT    OFF    AT    A    GIVEN    POINT. 

beyond  the  limit  a  p,  making  the  radius  of  the  circle  greater  than  0  a, 
evidently  the  edge  p  will  go  beyond  n  to  the  left,  to  a  distance  equal  to  the 
difference  of  the  radii,  thus  obstructing  the  port.  The  effect  of  increasing 
the  travel  is  of  course  to  lengthen  the  time  of  admission  ;  but  on  account  of 
this  interference  with  the  steam  supply,  it  is  clearly  injudicious  to  make 
the  travel  much  greater  than  a  p,  the  distance  between  the  correspond- 
ing edges  of  two  adjacent  ports  ;  as,  indeed,  should  the  radius  be  made 
equal  to  0  a  +  a  n,  the  edge  p  would  move  to  the  left  so  far  as  to  coincide 
with  a,  so  that  this  port  a  n  would  be  entirely  closed  by  its  neighbor's  valve- 
face  ;  and  whatever  the  number  of  ports,  this  would  obviously  happen  to  all 
except  the  one  on  the  extreme  right. 

88.  We  see,  then,  that  the  point  of  cutting  off  can  be  varied  to  a  certain 
extent  ;    the  next  and  final  question  is,  how  to  construct   a  movement  by 
which  a  given  valve  may  be  made  to   cut  off  at  any  point,  assumed  within 
the  limits  just  ascertained.     The  angular  position   of  the   eccentric,  when 
there  is  no  lead,  is  the  same  for  any  given  point  of  cutting  off,  whatever  the 
travel,    or,  in  other  words,  whatever  the  scale   of  the  diagram,  as  was  ex- 
plained in  connection  with  Fig.  22  ;  and  it  would  be  equally  true  when  lead 
is  given,  if  it  were  measured  by  the  angular  advance  of  the  eccentric.     But 
this  is  not  the  case  in  practice  ;    the  usual  form  of  expression  being  to  speak 
of  a  valve  as  "  set  with  one-eighth  of  an  inch  lead,"  or  whatever  may  be  the 
linear  measure  of  the  opening  of  the  port  at  the  beginning  of  the  stroke. 

89.  Evidently  the  angle  through  which  the  eccentric  must  be  advanced 
to    move  the  valve  so  far,  will  vary  with  the  travel,   and  with   its  original 
angular  position.     When   the  travel  and  the   point  of  cutting  off  are  given, 
the  diagram,  Fig.  35,  enables  us  to  determine   the  position   of  the  eccentric 
when  the  linear  lead  also  is  fixed  ;  but  it  is  perfectly  clear  that  we  could  not 
determine  the  precise   effect  of  the  lead  if  the  diameter  of  the  eccentric's 
orbit  were  not  known.     It  is  therefore  impossible  to  construct  with  absolute 
precision  a    movement   by  which  a  given  valve   shall  be  made  to  cut  off  at 
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a  certain  point  if  a  definite  linear  lead  be  insisted  on.  But,  as  before  re- 
marked, the  lead  is  usually  so  small  that  its  effects  upon  the  time  of  closing 
need  not  be  taken  into  account ;  we  can  therefore  make  an  approximation 
sufficiently  close  for  all  practical  purposes  in  the  following  manner. 

90.  First  determine,  by  means  of  a  diagram,  Fig.  47,  the  angular  posi- 
tion of  the  eccentric,  on  the  supposition  that  the  engine  is  to  follow  the  given 
distance  e  A  without  lead.    Then,  placing  the  valve,  Fig.  48,  as  just  opening, 
bisect  nm  in  0,  and  draw  the  lines  xy  and  wo  as  in  Fig.  46  ;    make   the 
angle    /  0  M  equal  to  the  angle  e  0  M  in  Fig.  47,  and  draw  I  p,   cutting 
xy  and  w  v  in  e  and  k  respectively;  Ice  will  be  the  diameter  of  the  eccentric's 
path,  and  e  its  position  at  the  beginning  of  the  stroke,  and  the  valve  will 
open  the  ports  to  the   distance  b  n,  closing  them  at  the   given  point  in  the 
stroke.     Now  give  the  required  lead,  the  effect  of  which  will  be  to  diminish 
the  distance  followed  ;  ascertain  the  extent  of  this  diminution,  as  in  Fig.  45, 
and  adding  it  to  the   original  distance  e  A  used  in   Fig.  47,  make  a  new 
diagram,  giving  a  different   angle,  which  being  laid  off  instead  of  1 0  M  on 
Fig.  48,  will  give   a  new  travel  and  a  different  opening  of  the  ports.     The 
engine   now  follows  too  far  ;    but  when  the  lead  is  given,  the  distance  fol- 
lowed will  be  reduced  to  very  nearly  the  limit  originally  fixed. 

91.  Now,  as  above  remarked,  the  functions  of  the  independent  cut-off 
valve  may  be  fulfilled  by  the  third  variety  shown  in  Fig.  11,  just  as  well  as 
by  the  one  we  have  just  been  discussing — perhaps  in  some  cases  and  in  some 
respects  better.     The  general  nature  of  its  action  having  been  explained  in 
connection  with  Figs.  16  and  17,  the  first  question  that  arises  in  considering 
its  movement  as  adapted  to  this  special  duty,  is  how  to  determine  the  point 
of  cutting  off. 

Fig.  49  represents  a  valve  precisely  like  that  shown  in  Fig.  16  ;  and  it 
is  evident  that  if  e  Tc  be  the  stroke  of  the  piston,  a  perpendicular  let  fall  upon 
it  from  e'  will  give  A  the  point  of  cutting  off. 

Had  the  travel  and  the  point  of  closing  been  given,  we  would  simply 
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reverse  this  process,  setting  off  e  A  the  distance  to  be  followed,  and  erecting 
A  e  in  order  to  find  the  chord  e  e',  which  is  parallel  to  the  line  of  motion,  and 
equal  in  length  to  twice  the  breadth  of  the  port ;  e  will  be  the  position  of  the 
eccentric,  the  direction  of  the  rotation  being  indicated  by  the  arrow  ;  though 
it  is  obvious  that  if  the  direction  were  reversed,  the  valve  would  operate  pre- 
cisely as  it  now  does,  if  at  the  same  time  the  eccentric  were  placed  at  I  instead 
of  e,  when  the  stroke  begins. 

92.  The  effect  upon  the  action,  caused  by  the  introduction  of  lead,  is 
illustrated  by  Fig.  50. 

An  arc  being  described,  as  shown,  about  e  as  a  centre,  with  a  radius  equal 
to  the  linear  lead,  a  line  r  w  drawn  tangent  to  it  and  perpendicular  to  L  M, 
determines  by  its  intersection  with  the  circumference  k  I  e  e'  the  new  position 
/  of  the  eccentric  at  the  beginning  of  the  stroke,  after  which  it  must  pass 
through  the  remaining  arc/  e  in  order  to  close  the  port.  If  //'be  drawn 
parallel  to  e  e',  e/will  be  equal  e'  f,  and  consequently  e/will  be  equal  to 
fe',  so  that  a  perpendicular  from/ to  the  line  e  k  will  determine  A'  the  new 
point  of  cutting  off. 

It  is  to  be  remarked  fhat  since  ef  is  equal  to  e,'  f,ff  parallel  to  e  e,  and 
r  w  to  k  e',  this  last  line  will,  if  produced,  be  tangent  to  an  arc  described 
about/  with  a  radius  equal  to  that  described  about  e,  as  explained  above. 

93.  Therefore,  if  with  a  given  travel  it  be  required  to  construct  a  valve 
which  with  a  stated  lead  shall  close  the  port  at  a  definite  point  in  the  stroke, 
we  proceed  as  follows.     Letting  any  diameter  e  k  represent  the  stroke  of  the 
piston,  lay  off  from  e  the   distance  e  A'  through  which  it  is  required  to  fol- 
low ;    erect  A'/'  perpendicular  to  e  k,  and  with  a  radius  equal  to  the  linear 
lead  describe   an  arc   about  /',  and  draw  k  s  tangent  to  it  ;    e'  e  will  be  the 
chord  of  action,  parallel  to  which  draw  L  M  the  line  of  motion,  and  the  chord 
/'/  ;  c  d  will  be  the  breadth  of  the  port,  /  the  position  of  the  eccentric  at  the 
beginning  of  the  stroke,  the  position  of  the  edge  a  at  that  time  being  deter- 
mined by  the  line  fw  perpendicular  to  L  M.     In  regard  to 'the  lap  of  this 
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valve,  or  the  breadth  of  the  valve-faces  am,  bn,  it  was  found  in  Chapter  I. 
that  it  is  abstractly  sufficient  to  make  it  equal  to  half  the  travel,  as  shown  in 
Figs.  49  and  50.  Since,  however,  in  that  case  the  edges  m  and  n,  at  the  ex- 
treme points  of  the  travel  coincide  with  d  and  c  respectively,  it  is  necessary 
in  practice  to  make  these  faces  a  little  wider,  in  order  to  make  sure  that  there 
shall  be  no  leakage  at  those  instants. 

94.  Now,  plainly  there  is  no  reason  why  any  desired  number  of  these 
valves  should  not  be  attached  to  each  other  ;    nor  yet  why  the  valve-face 
a  m  should  not  perform  the  same  offices  for  a  port  to  the  right  of  it  that  the 
face  b  n  does  for  the  port  c  d  ;  and  this  is  the  case  in  the  arrangement  shown 
in  Fig.  51,  another  port  and  face  being  added  to  the  valve  ;  a  process  which 
maybe  continued  until  this  "  gridiron '' has  as  many  bars  as  we   choose; 
the   same  lack  of   sufficient  reason   to  do   otherwise   leading  us   to  suppose 
them,  as  in  the  case  of  the  former  one,  to  be  made,  as  well  as  the  ports,  of 
uniform  size. 

95.  It  may  be  remarked  that  although  the  port  a  b  in  the  valve  arid  the 
one  cd  in  the  seat  have  been  made   of  the  same  breadth,  each  being  equal 
to  half  the  chord  of  action  e  e,  Fig.  49,  it  is  not  necessary  that  this  should  be 
so  ;    the  sum  of  the  two  being  equal  to  this  chord,  either  one  may  be  made 
wider  than  the  other.     This  is  illustrated  by  Figs.  52  and  53  ;  from  which  it 
is  seen  at  a  glance  that  the  port  in  either  case,  as  in  Fig.  49,  is   opened  and 
closed  by  the  movement  of  the  eccentric  from  e  to  e' ,  so  that  the  point  of 
cutting  off,  A,  is  the  same  in  all.      In  Fig.  49,  each    valve-face,  am,  bn,  is 
equal  to  half  the  travel  ;    it  is  evident  that  in  Fig.  52,  each  one  can  be  re- 
duced as  much  as  the  port  a  b  is  increased,  thus  shortening  the  whole  valve 
by  that  amount ;    while  in  Fig.  53,  for  the  converse  reason,  the  whole  valve 
is  lengthened  as  much  as  a  b  is  reduced.       But  since  in  these  two  arrange- 
ments the  steam  supply  is  reduced,  and  a  part  of  the  travel  wasted  by  carry- 
ing a  wide  port  over  a  narrower  one,  or  a  narrow  port  over  a  wide  one, 
these  modifications  are  of  no  practical  utility,  and  will  therefore  receive  no 
further  consideration. 
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96.  Now,  supposing,   as  before,  a  valve-seat  to  be  made,  Fig.  51  shows 
how  a  valve  may  be  adapted  to  it,  in  such  a  manner  as  fully  to  open  the 
ports  and  utilize  the  travel,  and  how  the  point  of  cutting  off  is  found.     The  • 
ports  in  the  valve,  as  well  as  the  spaces  between  them,  being  made  to  cor- 
respond with  those  in  the  seat,  and  the  valve  placed  in  the  position  shown, 
the  eccentric's  orbit  is  described,  for  the  practical  reason  already  mentioned, 
with  a  radius  a  little  less  than  the  breadth  of  one  of  the  valve  faces,  and  the 
diagram  of  the  movement  constructed  in  the  manner  above  explained  :   the 
effect  of  giving  lead  being  afterward  ascertained  as  in  Fig.  50. 

97.  As  in  the  case  of  the  other  gridiron  valve,  so  with  this,  the  point  of 
cutting  off  may  be  varied  by  changing  the  travel  and  the  angular  position  of 
the  eccentric  ;  but  since,  in  order  to  close  the  port  in  the  seat,  the  one  in 
the  valve  must  pass  entirely  across  it,  the  area  of  the  steam  supply  will  not 
be  affected  by  these  changes.     This  is  illustrated  by  Fig.  54,  the  valve  being 
placed  over  the  seat  in  the  position  shown,  and  lines  perpendicular  to  L  M, 
as  x  y,  w  v,  drawn  through  the  edges  a  and  c  respectively,  it  is  evident  that 
we  may  assume  'any  circle  cutting  these  lines,  described  about  the  centre  0 
in  the  line  L  M,  as  the  path  of  the  eccentric.    There  being  no  lead,  it  is  clear 
that  if  we  assume  the  travel  equal  to  e  k,  the  eccentric  must  move  through 
the  arc  e  e'  to  close  the  port  ;  if  it  be  made  equal  to/ TO,  then  the  eccentric 
must  describe  the  arc  ff.  before  cutting  off.      The  angle  e  0  e  is  evidently 
greater  than  the  angle /O/'  ;  whence  we  see  that  the  less  the  travel,  the 
farther  the  engine  will  follow.     In  fact,  had  we  assumed  the  travel  equal  to 
twice  the  breadth  of  the  port,  as  shown  by  the  smallest  circle,  it  is  plain  that 
the  port  would  not  be  closed  till  the  end  of  the  stroke  ;  so  that  in  order  to 
cut  off  at  all,  we  must  keep  outside  of  that  limit  ;    and  we  have  already  seen 
that,  the  radius  of  the  eccentric's  orbit  must .  be  a  little  less  than  one  of  the 
valve-faces. 

98.  In  constructing  a  movement  which  shall  operate  a  given  valve  so  as 
with  a  definite  lead  to  cut  off  at  any  point  within  the  limits  thus  imposed, 
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we  are  confronted  with  the  same  difficulty  as  with  the  other  valve,  that  is, 
the  impossibility  of  ascertaining  the  effect  of  a  fixed  linear  lead  unless  the 
travel  is  known.  The  method  of  approximating  to  the  required  result  is 
precisely  like  that  adopted  in  the  case  of  the  previous  valve,  first  ascertain- 
ing by  a  diagram,  Fig.  55,  the  angular  position  of  the  eccentric,  assuming 
that  there  is  no  lead  ;  then  drawing  the  lines  x  y,  w  v,  Fig.  56,  make  the 
angle  jp  0  M  equal  to  e  0  M  of  Fig.  55,  and  draw  p  r,  giving  the  diameter 
sought  by  its  intersections  with  x  y  and  w  v.  The  valve  will  with  this  move- 
ment cut  off  at  the  required  point  A,  with  no  lead  ;  and  the  approximate 
correction  is  made  as  before  described,  by  first  finding  how  much  sooner  it 
will  cut  off  when  the  stated  lead  is  given  ;  making  a  new  diagram  in  winch  it 
shall  cut  off  so  much  later,  and  finally  substituting  the  new  angle  thus  found 
for  p  0  M  in  Fig.  56,  ascertain  the  new  travel,  and  the  result  of  the  lead,  as 
in  Fig.  50,  which  will  be  found  to  agree  very  nearly  with  the  conditions  of 
the  problem  as  originally  enunciated. 

99.  The  contrast  between  these  two  valve  movements  will  be  perhaps 
more  clearly  illustrated  by  the  two  diagrams,  Figs.  57  and  58.     The  former 
contains  all  the  elements  of  the  action  of  a  valve  of  each  kind,  arranged  to 
cut  off  at  half  stroke.     L  M  being  the  line  of  motion,  and  the  arrow  indicat- 
ing the  direction  of  the  revolution,  let  e  be  the  initial  position  of  an  eccen- 
tric operating  a  valve  of  the  kind  first  discussed  ;    a  b  will  be  the  opening  of 
its  port,  e/its  chord  of  action,  and  eOthe  distance  followed,  eh  representing 
the  stroke.     Let  a  valve  of  the  other  kind  be  operated  by  an  eccentric  which 
at  the  beginning  of  the  stroke  is  at  g  ;  its  port  will  be  0  c,  its  chord  of  action 
g  e,  and  its  point  of  cutting  off  will  be  0  in  the  stroke  gf. 

100.  In  comparing  these  movements,  two  points  make  themselves  con- 
spicuous.    The  first  is,  that  the  port  a  b  is  much  smaller  than  0  c  ;    it  will 
presently  be  shown  that  it  is  always  smaller,  and  that  the  difference  will  be 
greater  the  earlier  the  valves  cut  off.     The  other  is,  that  at  the  present  point 
of  cutting  off,  the  two  valves  at  the  instant  of  closing  are  moving  with  the 
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same  velocity  ;  for  the  angles  L  O/,  L  Oe,  which  the  lever  arm  of  the  eccen- 
tric at  that  time  makes  with  the  line  of  motion,  are  equal.  If  it  is  required 
to  cut  off  earlier  in  the  stroke,  the  chords  of  action,  ef,  g  e,  must  be  dimin- 
ished ;  if  later,  they  must  be  increased.  In  the  former  case,  the  angle  L  Of 
will  be  diminished,  and  L  0  e  increased  ;  so  that  at  the  instant  of  closing  the 
perforated  form  of  valve  would  be  moving  more  rapidly  than  the  solid  ; 
the  reverse  being  true  if  the  engine  follows  more  than  half  stroke. 

101.  In  Fig.  58,  we  have  the  movements  of  the  two  forms,  with  the 
ports  each  equal  to  one-fourth  the  travel  ;  when  we  see  that,  although  the 
ports  are  closed  by  motions  of  the  same  rapidity,  the  solid  valve  admits  steam 
through  three-fourths  of  the  stroke  e  h,  while  the  perforated  one  cuts  off 
at  one-fourth  the  stroke  gf. 

Now,  in  Fig.  59,  let  L  M  be  the  line  of  motion  of  a  perforated  valve, 
and  L'M',  perpendicular  to  it,  that  of  a  solid  one,  the  two  being  arranged  to 
cut  off  at  the  same  point  ;  under  these  circumstances  their  chords  of  action 
will  be  identical,  since  one  is  parallel  and  the  other  perpendicular  to  the 
line  of  motion  of  its  valve.  The  direction  of  the  rotation  being  indicated  by 
the  arrow,  and  e  being  the  initial  position  of  the  eccentric,  e  e  is  the  chord  of 
action,  and  e  A  the  distance  followed,  here  assumed  equal  to  one-third  the 
stroke  e  k  ;  also,  e  b  is  the  breadth  of  the  port  of  the  perforated  valve,  and 
a  b  that  of  the  port  of  the  solid  one.  It  will  be  seen  at  a  glance  that  in  order 
to  follow  farther,  the  eccentric  must  at  the  beginning  of  the  stroke  be  placed 
nearer  r  •  if  it  were  placed  at  r,  the  engine  would  follow  full  stroke,  a  b 
would  coincide  with  a  0,  and  e  b  with  r  0  ;  making  the  ports  in  that  case 
each  equal  to  half  the  travel ;  and  evidently  they  are  continually  approach- 
ing this  equality  use  recedes  toward  r.  But  whatever  position  e  may  occupy 
between  a  and  r,  there  always  exists  the  triangle  0  b  e,  right  angled  at  b  j 
whence  we  have 


b  eV=  0  e2  -  0  b*  =  (0  e  +  0  b)  X  (0  e  -  0  5)  :    but  a  b  =  0  e  - 
0  b  .'.  a  b3 =  (0  e  -  0  b)y^(0  e  —  0  b)  :  and,  dividing  the  first  equation  by 
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the  second,  and  cancelling  the  common  factor  in  the  second  members,  we 
have,  finally,  =  oT  >  ^us  snowuig  that,  as  above  remarked,  a  b, 

the  port  of  the  solid  valve,  is  always  less  than  b  e,  the  port  of  the  perforated 
one,  the  travel  and  the  point  of  cutting  off  being  the  same  in  both  cases. 

This  diagram  also  forcibly  illustrates  the  difference  between  the  two 
forms  in  respect  to  the  speed  at  the  time  of  closing  ;  for  e'  0  being  the  lever 
arm  of  the  eccentric  at  that  instant,  it  is  clear  that  b  0  will  represent  the 
Velocity  of  the  perforated,  and  e  b  that  of  the  solid  valve. 

102.  It  is  proper  to  remark  here,  tnat  although  we  have  for  uniformity's 
sake  assumed  the  direction  of  the  rotation  to  be  against  the  clock,  this  is  a 
matter  ofi  perfect  indifference,  as  by  reference  to  Fig.  44  it  will  be  seen  that 
the  contrary  rotation  would  operate  the  valve  with  precisely  the  same  effect, 
if  the  initial  position  of  the   eccentric  were  changed  from  e  to  e'  ;    and  a 
glance  at  Fig.  49  will  show  that  the  same  will  be  true  of  the  perforated  valve 
there  shown  if  the  eccentric  be  placed  at  I  instead  of  at  e,  a  point  to  which 
we  call  attention  in  this  place  as  having  a  bearing  upon  the  arrangement  of 
cut-off  valve,  which  is  next  to  be  described. 

103.  Having  discussed  in  all  essential  features  the  action  of  the  inde- 
pendent slide  cut-off  valves  whose  seats  are  fixed  on  the  back  of  the  main 
valve  chest,  it  is  next  to  be  remarked  that  it  is  the  motion  of  the  valve  in 
relation  to  the  seat  which  controls  the  ports  ;    so.  that   if  the  whole  seat, 
instead  of  being  stationary,  were  to  move,  it  would  not  affect  the  result  in 
the  slightest  degree,  so  long  as  the  valve  moved  properly  upon  it   over  the 
ports. 

It  is  also  to  be  noted  that  if  the  three-ported  slide  valve  be  extended,  so 
as  to  have  ports  formed  in  its  substance  beyond  the  steam  edge,  these  ports 
if  open  would,  of  course,  admit  steam  to  the  cylinder  just  as  before ;  but  if 
valves  be  placed  over  these  ports  and  properly  actuated,  they  may  by  thus 
sliding  on  the  back  of  the  main  valve,  which  then  becomes  a  movable  valve 
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seat  such  as  we  have  just  alluded  to,  be  made  to  cut  off  the  steam  at  any 
point. 

104.  We  have  thus  a  new  combination  of  the   "  main  slide  and  inde- 
pendent cut-off,"  the  whole  general  arrangement  of  which  is  depicted  in  Fig. 
GO,  and  requires  no  further  explanation  ;    it  remains  now  to  construct  a 
movement  by  which  the  upper  valve  may  be  correctly  moved  in   connection 
with  the  lower  one.     Were  we  at  liberty  to  suppose  the  main  valve  to  carry 
with  it  the  bearings  of  an  eccentric  revolving  in  either  direction  at  the  same 
rate  as  the  one  by  which  it  is  itself  operated,  the  problem  would  be  already 
solved.     This,  however,  is  clearly  out  of  the  question  ;  but  a  little  reflection 
will  lead  us  to  the  consideration,  that  if  two  slotted  cross-heads,  having  their 
lines  of  motion  parallel,  are  actuated  by  two   concentric  cranks  of 'different 
radii,  the  extreme  movement  of  one  must  be  greater  than  that  of  the  other 
in  both  directions  ;  and  if  one  of  them  be  attached  to  a  piece  which  moves 
freely  upon  that  to  which  the  other  is  connected,  the  first  piece  must  neces- 
sarily slide  back  and  forth  upon  the  other  ;  let  us  then  examine  the  nature 
and  relations  of  the  movements  thus  caused. 

105.  Fig.  61  may  serve  a  purpose  in  aiding  to  form  a  clear  conception 
of  the  relations  of  the  moving  parts.       It  represents  a  valve,  m  n,  sliding  on 
a  face  L'  M'  ;    to  it  is  attached  a  piece  A  A,  behind  which  is  a  crank,  0  c, 
whose  pin  c  works  in  and  projects  through  a  slot  in  A  A,  and  in  front  of  the 
latter,  it   has  rigidly  secured  to  it  the  extension  c  d,  thus  forming  a  second 
crank  0  d  ;  and  the  pin  d  of  this  crank  plays  in  a  slot  in  a  piece  B  B,  which 
moves  in  guides  attached  to  A  A,  both  slots  being  perpendicular  to  L'  M'  ;  a 
second  valve,  Je  I,  is  secured  to  B  B,  and  controls  a  port  in  the  first  valve  m  n. 
It  is  obvious  at  a  glance   that  as  the  two  cranks  revolve   together,  the  two 
pins  must  after  a  quarter  revolution  lie  in  the  same  vertical  line  xy  ;    so  that 
the  piece  A  A  will  have  moved  to  the  left  through  the  distance  c  0,  and  B  B 
through  the  distance  d  0  ;    the  latter  must,  therefore,  have  moved  over  the 
former,  sliding  in  the  guides  gg,  and  carrying  the  valve  k  I  to    the  left  over 
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its  port,  tfirough  the  distance  d  c  ;  which  will  evidently  be  repeated  during 
the  next  quarter  of  the  revolution,  after  which,  the  crank  pins  having 
reached  the  points  c'  d'  respectively,  the  two  valves  will  return,  and  these 
movements  will  take  place  in  the  reverse  order  and  direction. 

106.  In  order  to  illustrate  more  clearly  the  nature   and  relation  of  the 
two  movements,  the  parts  are  shown  in  the  diagram,  Fig.  62,  in  six  different 
positions  in  the  revolution  ;   the  slots,  being  always  vertical,  are  indicated 
by  short  vertical  lines  through  the  various  positions  of  the  centres  c  and  d. 

Now,  since  0  c  d  is  a  straight  line,  c  d  will  always  make  the  same  angle 
with  a  vertical  line  that  0  c  does  ;  and  since  the  slot  in  the  piece  A  A  is 
here  represented  by  a  vertical  line  always  drawn  through  c,  and  c  d  is  con- 
stant, it  follows  that  with  respect  to  that  slot,  the  point  d  moves  precisely  as 
it  would,  were  the  slot  to  remain  stationary,  and  d  to  rotate  around  c,  in  the 
same  direction  and  in  the  same  time  that  it  now  revolves  around  0  ;  thus,  it 
is  evident  that  in  moving  from  c  to  c',  a  change  has  taken  place  in  the  rela- 
tive position  of  the  slots  a  b,  g  h,  which  have  moved  to  a'  b',  g'  h'  respectively  ; 
and  that  had  c  remained  stationary,  the  slot  g  h  would  have  been  made  to 
approach  a  b  to  exactly  the  same  extent,  by  causing  d  to  rotate  around  c 
through  the  same  angle  c 0 c,  as  indicated  by  the  dotted  lines  ;  and  the 
diagram  will  enable  the  reader  to  trace  the  motions  during  the  remainder  of 
the  revolution  without  farther  explanation. 

107.  For  the  sake  of  simplicity,  we  made  c  d  a  prolongation  of  0  c  ;  but 
this  is  not  necessary  ;  it  may  make  any  angle  with  0  c,  the  only  result  being 
that  it  will  at  all  times  make  with  the  vertical  line  an  angle  so  much  greater 
or  less  than  it  now  does.     The  vertical  line  always  passing  through  c,  and  c  d 
being  constant,  d  in  effect  rotates  around  c,  as  shown  in  Fig.  63,  and  causes 
the  valves  to  slide  upon  each  other,  as  before  ;    only,  of  course,  the  relative 
positions  of  the   valves,  at  the  same  points  in  the   revolution  of  c,  will  be 
different. 

Now,  the  transverse  motion  of  the  crank  pins  in  respect  to  the  lines  of 
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motion  of  the  valves  being  accommodated  by  the  slots  in  the  pieces  A  A  and 
B  B,  and  the  point  d  virtually  revolving  about  c  as  a  centre,  we  have  a  combi- 
nation of  movements  precisely  equivalent  to  that  which  would  result  from  the 
revolution  of  an  eccentric  in  bearings  fixed  to  the  main  valve,  itself  operated 
by  another  eccentric  revolving  at  the  same  rate  and  in  the  same  direction  ;  and 
it  is  next  required  to  construct  the  movements  in  such  a  manner  as  to  meet1' 
the  requirements  of  the  engine.  In  order  to  show  how  this  may  be  done, 
we  will  first  refer  to  Fig.  60,  in  which  the  main  valve  is  to  follow  full 
stroke  ;  and  let  it  be  required  to  make  the  independent  valve  cut  off  at  half 
stroke,  no  lead  being  given  to  either. 

108.  Now,  the  valves  having  the  relative  positions  shown,  if  they  both 
move  to  the  left,  but  the  upper  one  faster  than  the  lower,  steam  will  be  ad. 
mitted  to  the   cylinder  through  the  ports  Im,  b  a,  on  the  right.     It  is  to 
be  noted,  that  it  makes  no  difference,  whether  the  port  i  k  in  the  other  end 
of  the  main  valve,  be  opened  at  the  same  time,  as  it  will  in  the  arrangement 
shown  in  the  figure,  or  whether  the  valve-face^?  q  be  extended  to  the  right 
(and,  of  course,  o  n  to  the  left,  at  the  same  time);  for  that  matter,  the  whole 
distance^?  o  may  be  occupied  by  one  solid  valve.      For  evidently  the  steam 
can   only  fill  the  passage   ik,fe,  in  the  main  valve,  which  by  moving  to  the 
left  prevents  its  entrance  into  the   cylinder.      But  it  is  essential,  evidently) 
that  after  a  half  revolution,  the  main  valve  having  then  returned  into  its  pres- 
ent position,  the  independent  one  should  have  moved  so  much  farther  to  the 
right  as  to  have  its    edge  p  coincide  with  i,  in   order  to  admit  steam  to  the 
port  d  e,  as  soon  as  the  main  valve  opens  it  by  moving  to  the  right  from  its 
central  position  for  the  return  stroke. 

109.  In  effect,  therefore,  the  operation  of  this  valve,  p  o,  is  identical  with 
that  of  the  one  shown  in  Fig.  43  ;  for  the  whole  distance  from  i  to  m  may  be 
considered  as  one  long  port,  opened  from  the  right-hand  edge  for  one  stroke, 
and  from  the  left-hand  edge  for  the  other,  though  not  for  the  full  length  :  the 
valve-seat  moves,  to  be  sure   and  the  valve-chest  into  which  it  admits  steam 
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is  now  reduced  to  the  dimensions  of  one  of  the  passages  in  the  main  valve  ; 
but  the  cut-off  valve  itself,  and  its  movement  in  relation  to  its  seat,  are  pre- 
cisely similar  to  those  illustrated  in  Pigs.  14  and  15. 

In  order  then  to  construct  this  movement,  supposing  the  valves  and 
ports  to  be  given  as  in  Fig.  60,  we  first  describe  the  circle  c  c1  c2  cs,  Fig.  64, 
being  the  orbit  of  the  main  eccentric,  whose  radius  is  therefore  in  the  present 
case  equal  to  the  breadth  of  the  port  a  b  /  and  the  horizontal  line  L  M  being 
the  line  of  motion,  the  eccentric  at  the  beginning'of  the  stroke  will  be  at  c 
in  the  vertical  line  x  y,  through  0  the  centre  of  revolution.  Next,  by  the 
process  described  in  connection  with  Figs.  47  and  48,  construct  the  move- 
ment of  the  cut-off  valve,  as  though  the  seat  were  fixed  ;  and  about  c  as  a 
centre,  describe  a  circle  with  a  diameter  equal  to  the  travel  found  to  be 
requisite  for  the  cut-off  valve,  and  draw  the  lever-arm  c  d  of  its  eccentric  in 
its  proper  angular  position,  as  found  in  the  separate  diagram  like  Fig.  47  ; 
d  0  will  be  the  lever-arm  of  an  eccentric  revolving,  with  the  one  whose  lever- 
arm  is  c  0,  about  0  as  a  centre,  which  will  give  the  cut-off  valve  its  proper 
motion  with  regard  to  the  main  valve,  as  shown  in  the  figure. 

110.  Nothing  has  been  said  of  any  lap  upon  the  main  valve,  nor  of  any 
lead  given  to  either  ;  nor  is  it  necessary  for  us  to  illustrate  by  a  diagram 
the  process  of  constructing  the  movement  if  these  elements  are  introduced 
because  the  diagrams  of  the  main  and  the  cut-off  valve  movements  are  in 
any  case  constructed  separately,  and  then  combined  as  just  shown.  'Conse- 
quently, were  lead  given  to  both  valves  in  Fig.  64,  we  should  only  have  c  a 
little  to  the  left  of  its  present  position,  and  d  c  s,  the  angle  made  by  d  c  with 
a  horizontal  line,  would  be  a  little  less. 

We  have  in  the  diagram  endeavored  to  illustrate  the  action  of  the  eccen- 
tric d,  by  introducing  in  each  of  the  four  positions  in  which  the  eccentrics 
are  shown,  a  smaller  diagram,  showing  the  virtual  revolution  of  d  about  c, 
and  its  action  upon  a  valve  and  port  ;  the  ones  in  the  positions  c,  c1,  corre- 
sponding to  the  valve  n  o  and  port  I  m  of  Fig.  60  ;  those  at  c2  and  c3  corre- 
sponding top  q,  ik;  it  is  hardly  necessary  to  add  that  if  lead  were  introduced 
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the  positions  of  these  valves  would  be  changed,  leaving  the   ports  a  little 
open  at  c  and  c2,  and  overlapping  them  a  little  in  the  positions  c1  and  c3. 

111.  This  combination  enables  us  to  vary  the  point  of  cutting  off,  with- 
out touching  the  eccentrics  at  all,  and  if  desired,  even  while  the  engine  is  in 
motion.     The    manner    of  accomplishing  this  will    be    readily    understood, 
when  we  reflect  upon  the  circumstance  that  in  order  to  follow  full  stroke,  the 
eccentric  at  the  beginning  of  the  stroke  is  placed  in  its    central  position  in 
regard  to  the  travel,  as  at  h,  Fig.  18  ;  if  it  be  advanced  beyond  that  point, 
as  to  e,  Fig.  32,  with  no  change  in  either  valve  or  port,  the  distance   d  e,  to 
which  the  valve  is  thus  moved  beyond  mid-travel,  will  be  lead,  and  the  port 
will  be  closed  before  the  end  of  the  stroke,  as  explained  in  connection  with 
that  figure  ;    we  may  close   the  opening  of  the  port,  either  by  making  the 
port  itself   narrower,  as  in  Fig.  19,  or  by  adding  to   the  breadth  of    the 
valve,   as  in  Fig.   20,  which  we   have  seen  amounts  to   the  same  thing  in 
effect;    this  addition  will  be  "lap"  when  the  valve  is   at  mid-travel.     As 
stated  in  the  last  chapter,  on  the  steam  side  of  the  main  valve  we  are  com- 
pelled to  do  this  if  the   angular  advance  be  considerable,  since  great  steam 
lead  is  inadmissible,  while   on  the   exhaust  side  we  may  add  much  or  little 
lap,  and  retain  as  much  of  the  lead  as  we  choose. 

112.  And  in  this  case  we   have   the  same  option  :    because  our  cut-off 
valve  admits  steam  only  into  ports  in  the   main  valve,  and  if  that  have  the 
right  lead,  it  makes  no  difference  how  much  that  of  the  independent  valve  is 
varied.     The  sum  of  the  lap  and  lead,  as  we  have   seen,  is  equal  to  the  dis- 
tance of  the  initial  position  of  the  valve  from  its  central  position  ;    in  the 
diagram,  Fig.  64,  we  constructed  the  movement,  and  have  shown  the  valve, 
as  having  all  lap  and  no  lead  ;    under  which  circumstances  the  cutting  off 
takes  place  at  the  given  point  ;  if  we  now  give  lead  by  reducing  the  lap,  the 
port  will  be  opened   sooner,  but  closed  later.       And  this  we  can  do  ;    for  it 
has  been  pointed  out  already  that  the   outer  edges,  p  and  o,  of  the  cut-off 
valve  in  Fig.  60,  are  the  ones  which  do  the   work,  it  being   useless  to  open 
the  ports  on  the  edges  Tc  and  I. 
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113.  If,  then,  the  two  valves,  p  q  and  n  o,  are  connected  with  each  other 
by  a  right  and  left  hand  screw,   they  may  be  made  to  approach  or  recede 
from  each  other  at  pleasure  ;  and  since  they  will  move  equally  in  respect 
to  the  central  point,  the  lap  of  the  edges  o  and  p  will  be  reduced  or  increased 
to  the  same  extent,  so  that  the  cutting  off  will  take  place  at  the  same  point 
in  each  stroke.     The  same  means  of  varying  the  point  of  cutting  off  could 
also  be  used  when  a  valve  of  this  kind  is  placed  on  the  back  of  the  main 
valve  chest,  as  in  Fig.  43. 

114.  It  is  plain  that  if  the  ports  on  the  back  of  the  main  valve  are 
properly  arranged,  a  perforated  cut-off  valve  might  be  employed  ;    and  in 
Fig.  65    one    is  shown    in   combination  with  a  full  stroke  two-ported  box 
valve.     The  diagram  of   the   combined  movements  is  given   in  Fig.  66,  as 
showing  the  points  of  difference   and  of  resemblance  between  it  and  that  of 
the  other  combination,  shown  in  Fig.  64  ;    but  it  is  unnecessary  to  say  any- 
thing in  the  way  of  detailed  explanation  of  its  construction,  which  depends 
upon  the  same  principles,  and  is  conducted  in  substantially  the  same  manner 
as  that  of  the  movement  of  the  solid  valve,  just  described. 

115.  It  is,  however,  to  be  observed  that  the  inner  edges  of  the  cut-off 
ports,  in  Fig.  60,  may  be  made  the  opening  edges,  just  as  well  as  the  outside 
ones  ;  if,  for  instance,  at  the  beginning  of  a  stroke  to  the  left,  the  edge  n  of 
the  valve  is  placed  coincident  with  the  edge  /  of  the  port,  it  will  appear  that 
this  state  of  things  is  precisely  that  shown  in  the  lower  position,  c2,  of  the 
diagram  Fig.  64  ;  from  which  it  is  evident  that  the  initial  position  of  the  cut- 
off eccentric  must  under  these  circumstances  be  changed  from  d  to  d"  ;  and 
a  movement  thus  constructed  is  shown  in  Fig.  67. 

Again,  since  with  the  perforated  valve  it  can  make  no  difference  whether 
the  opening  moves  over  the  port  in  one  direction  or  the  other,  an  examina- 
tion of  Fig.  66  will  show  that  in  that  combination,  too,  the  position  of  the 
cut-off  eccentric  might  be  changed  from  d  to  d",  without  affecting  the  action  ; 
and  the  movement  thus  modified  is  illustrated  in  the  diagram,  Fig.  68. 


CHAPTER    V. 

EFFECTS    OF    THE    ANGULAR    VIBRATIONS    OF    THE    ECCENTRIC    ROD    AND    MAIN 

CONNECTING   ROD. 

116.  Thus  far,  we   have   adhered  strictly  to  the   supposition  that  the 
motions  imparted  hy  the  piston  to  the  crank,  and  by  the  eccentric  to  the 
valve,  have  been  transmitted  in  the   rectilinear  lines  of  motion  of  the  piston 
and  the  valve  respectively  ;  in  other  words,  that  the  component  parts  of  the 
circular  movements  of  the  main  crank  and  the  eccentric  which  are  transverse 
to  these  lines  of  motion,  are  so  accommodated  by  "slotted  crosshead  connec- 
tions "  or  their  equivalents,  that  their  effect  is  neutralized. 

But  in  practice  this  supposition  is  seldom,  if  ever,  strictly  true.  There 
is  a  radical  difficulty  with  this  form  of  connection  as  a  means  of  transmitting 
power,  arising  from  the  friction  attending  its  action  when  near  the '"  dead 
centres,"  which  practically  precludes  its  use  for  that  purpose  ;  in  pumping- 
engines  it  is  sometimes  employed,  but  mainly  for  the  purpose  of  limiting  the 
motion  of  the  piston  and  the  valve,  the  power  being  transmitted,  not  through 
the  crank  and  shaft,  but  directly  from  the  piston  of  the  engine  to  that  of  the 
pump,  the  two  being  connected  to  the  same  rod. 

117.  Since,  then,  the  irregularities  of  motion,  alluded  to  at  the  outset  in 
connection  with  Fig.   4,  are   always  or  nearly  always  to  be  encountered,  it 
behooves  us  to  inquire  into  the  matter,  and  see  what  they  amount  to. 

In  doing  this,  it  may  be  as  well  to  look  at  one  thing  at  a  time — and 
better  that  the  first  should  be  the  more  tangible  and  important.  Referring 
again  to  Figs.  3  and  4,  we  see  that  these  perturbations  are  due  to  the  obliq- 
uity of  the  actual  motions  of  the  connecting  rod  and  eccentric  rod,  hereto- 
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fore  supposed  to  take  place  in  directions  parallel  to  the  lines  of  motion  of  the 
piston  and  the  valve.  And  a  glance  at  these  figures  is  enough  to  show  that 
the  stroke  of  the  piston  being  ordinarily  much  greater  than  the  travel  of  the 
valve,  the  main  connecting  rod  will  in  the  course  of  the  revolution  deviate 
more  than  the  eccentric  rod  from  this  supposed  parallelism. 

118.  In  the  first  place,  then,  the  motion  of  the  eccentric  being  transmit- 
ted to  the  valve  as  before,  let  us  suppose  a  main  connecting  rod  of  the  ordi- 
nary form  to  be  introduced,  the  connections  being  direct  in  both  cases,  as  in 
Figs.  3  and  5  ;  the  result  of  this  change  can  be  readily  seen  by  the  aid  of  the 
skeleton  diagram,  Fig.  69,  in  which,  ac  representing  the  stroke  of  the  piston 
and  a  a'  the  length  of  the  connecting  rod,  the  circumference  a'  b'  c'  b"  will  be 
the  path  of  the  main  crank,  the  smaller  one  tere?  being  that  of  the  eccentric. 
Now,  supposing  the  piston  to  be  at  a,  and  the  main   crank  at  a',  the  arrow 
indicating  the  direction  of  the  revolution,  it  is  clear  that  e  will  be  the  initial 
position  of  the  eccentric,  assuming  also  that  the  valve,  of  the  common  kind, 
is  to  follow  full  stroke  without  lead,  as  in  Fig.  29  ;  and  it  is  equally  evident 
that  when  the  piston  reaches  c,  the  end  of  the  stroke,  the  eccentric  will  be  at 
the  proper  position  e,  ready  to  open  the  valve  for  the  return  stroke. 

119.  We  not  only  may,  but  must  give  the  eccentric  the   initial   position 
shown,  in  order  that  the  valve  may  be  opened  at  the  proper  times  ;  but  the 
port  will  not  be  full  open  at  half  stroke  as  it  was  originally. 

About  b,  the  middle  point  of  the  stroke  a  c,  with  a  radius  0  b  =  a  a', 
describe  an  arc,  cutting  the  path  of  the  main  crank  in  I  and  m;  also  about  b' 
or  b",  with  the  same  radius,  describe  an  arc  cutting  L  M  inp  /  it  will  then  be 
seen  that  while  the  piston  makes  the  half  stroke  a  b,  the  crank  moves  only 
through  the  arc  a'  I,  instead  of  the  quadrant  a'  b'  ;  and  when  the  crank  has 
reached  b' ,  the  piston  will  have  advanced  to  p,  which  is  the  point  in  the 
stroke  at  which  the  valve  is  full  open.  If  we  draw  1 0,  cutting  the  eccentric's 
path  in  s,  lay  off  from  e  an  arc  e  s'  =  I  s,  and  drop  the  perpendicular  »'  v  on 
L  M,  it  is  evident  that  0  v  is  the  extent  to  which  the  port  is  open  when  the 
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piston  is  at  half  stroke,  and  v  r  the  remaining  part  of  the  opening,  which  will 
be  accomplished  while  the  piston  moves  from  i  to  p.  On  the- return  stroke, 
of  course,  the  valve  is  full  open  when  the  piston  reaches  the  same  point  p, 
or  before  half  the  stroke  is  completed. 

120.  Having  alluded  above  to  the  connections  as  being  direct,  it  may  be 
as  well  here  to  notice  the  distinction  between  "  direct-acting"  and  "  back-act- 
ing" engines.     Fig.  3  represents  the  former — and  so  does  the    diagram    Fig. 
69.     It  will  be  observed  that  the  connecting  rod,  as  well  as  the  cylinder,  lies 
to  the  right  of  the  main  shaft;  now,  by  extending  the  piston  rod,  it  is  evident 
that  without  moving  the  cylinder,  the  connecting  rod  may  be  made  to  lie  to 
the  left  of  the  main  shaft,  as  in  the  diagram  Fig.  TO  ;  and  this  is  the    move- 
ment of  the  back-acting  engine.     It  is  obvious  that  this  diagram  and  the  pre- 
ceding one  are  perfectly  symmetrical,   the  stroke  and  the  length  of  the  con- 
necting rod  being  the  same  in  each  :  consequently  whatever  occurs  in  a  stroke 
from  left  to  right  in  the  first,  will  occur  in  one  from  right  to  left  in  the  sec- 
ond, and  vice  versa. 

121.  Nor  will  the  direction  of  the  revolution    affect  the  action  in   the 
least  :  so  that  either  the  eccentric  may  be  placed  at  e'  instead  of  at  e,  or,'  as 
indicated  in  faint  lines  in  Fig.  70,  a  rock-shaft  and  lever  may  be  introduced, 
by  which  the  motion  of  the  valve,  and  consequently  that  of  the  engine,  will 
be  reversed,  while  the  events  in  the  stroke  will  occur  at  the   same    times    as 
before  :  the  vibrations  of  the  rock-shaft  arms  being  neutralized  as  indicated, 
by  the  use  of  the  slotted  crosshead  connection,    before    described.     It   need 
hardly  be  remarked  that  the  substitution  of  the  two-ported  valve  for    the 
three-ported  one,  will  also  cause  the  direction  of  the  revolution    to    be    re- 
versed, unless  one  of  the  modifications  just  mentioned  is  also  introduced,  or 
the  steam  is  admitted  into  the  valve-chest  outside  the  valve. 

122.  Let  us  now  suppose  lead  to  be  given,  by  advancing  the   initial  po- 
sition of  the  eccentric  beyond  e,  as  in  Fig.  32.     (We   may  remark  in  passing 
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that  no  further  notice  heed  be  taken  of  the  modification  shown  in  Fig.  33,  for 
securing  the  admission  of  steam  during  the  entire  stroke  when  lead  is  given  ; 
the  small  amount  of  expansion  caused  by  the  lead  comes  so  far  within  the 
limits  of  utility,  that  practically  "a  full-stroke  valve  is  understood  to  mean  one 
like  that  shown  in  Fig.  29,  the  breadth  of  the  port  being  equal  to  half  ihe 
travel.)  In  order  to  open  the  port  fully,  the  eccentric  has  now,  as  shown  in 
Fig.  32,  to  move  through  an  angle  less  than  *90°  ,  by  the  amount  of  the  an- 
gular advance  from  the  central  position.  For  the  sake  of  illustration,  let  this 
advance  be  equal  to  I  0  b',  in  Fig.  69,  the  angle  which  the  crank  lacks  of  de- 
scribing a  quadrant  during  the  first  half  of  the  stroke  a  c. 

123.  The  results  of  this  change  are  exhibited  in  the  diagram,  Fig.  71, 
where,  as  in  our  previous  ones,  the  same  circle  represents  the  paths  of  both 
piston  and  eccentric.  Here,  the  valve  being  shown  in  the  initial  position, 
with  its  edge  directly  under  the  eccentric  e,  and  the  lead  angle  b  0  e  being 
equal  to  1 0  b,  the  arc  e  c'  is  equal  to  a1 1,  so  that  the  port  will  be  full  open  when 
the  piston  reaches  b,  the  middle  of  the  forward  stroke.  A  quarter  revolu- 
tion is  required  to  close  it ;  and  n  0  ri  being  drawn  at  right  angles  to  /  0  /',  the 
crank  will  then  have  reached  n.  Dropping  from  this  point  a  perpendicular 
upon  L  M,  we  find  d'  c,  which  would  be  the  remainder  of  the  stroke  had  we 
retained  the  infinite  connecting  rod.  But  since  we  have  not,  we  describe 
about  n,  with  a  radius  equal  to  the  actual  finite  length  c  c',  an  arc  intersect- 
ing L  M  at  a  point  d,  which  is  the  position  of  the  piston  at  the  instant  of  clos- 
ing the  port  :  the  real  distance  dc,  yet  to  be  traversed,  being  a  little  less  than 
d'  c' .  Since  a  half  revolution  is  made  at  each  stroke,  the  lead  will  be  the 
game  for  the  return  stroke  as  for  the  forward  one,  the  crank  being  at  c'  when 
the  eccentric  reaches  e.  In  order  to  fully  open  the  port,  the  latter  must  de- 
scribe the  arc  e  a,  the  former  the  equal  arc  c  I,  while  the  piston  will  move  to 
p'.  A  quarter  revolution  being  again  required  to  close  it,  the  crank  at  the 
end  of  that  time  will  have  reached  ri  :  and  by  the  process  just  described,  we 
find  the  distance  ha,  the  portion  of  the  return  stroke  yet  to  be  made  ;  which 
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is  a  little  greater  than  ti  a,  the  corresponding  fraction  when  the  length  of  the 
connecting  rod  is  infinite,  instead  of  a  little  less  as  in  the  forward  stroke. 

124.  These  results  would  not  be  affected  by  reversing  the    direction  of 
the  revolution  :  for  in  order  to  do  that,  the  initial  position  of  the  eccentric 
need  only  be  changed  from  e  to  I'  ;  and  since  c'  /'  =  e  cf,  the  angular  positions ; 
of  the  eccentric,  crank,  and  connecting  rod,  with  relation  to  each  other  and  to 
L  M,  would  vary  exactly  as  before  ;  what  now  occurs  above    the    line   L  M 
would  then  take  place  below  it,  and  vice  versa.     By  merely  inverting  the  dia- 
gram, it  will  exhibit  the  motion  of  a  back-acting  engine  :  showing  that  what 
is  here  true  of  a  forward  stroke  will  then  occur  in  the  return  stroke,  and  the 
contrary. 

125.  A  second  line  of  motion,  L'M',  has  been  drawn,  and  on  it  are  marked 
the  points  in  the  stroke  at  which  the  events  occur  when  the  slotted  crosshead 
is  employed,  so  that  the  changes  due  to  the  substitution  of  a  finite  connect- 
ing rod  may  be  more  readily  traced.     And  they  may  be  thus  recapitulated. 
When  there  is  no  lead,  the  points  in  the  two  strokes  at  which  the  port  is  full 
open,  coincide  ;  in  the  first  arrangement  at  b  the  middle  of  the  stroke,  but  in 
the  second  at  another  pointy,  whose  distance  from  b  depends  on   the   ratio 
between  the  length  of  the  crank  and  that  of  the  connecting  rod.     Represent- 
ing the  former  by  R,  the  latter  by  C,  the  triangle  Op  b'  gives  Op  =  VC'-K2 ; 
and  since  0  b  =C,  we  have  p  b  =C  -  -y/62-E2.     When  lead  is  given,  since  the 
full  opening  occurs  earlier  in  each  stroke,  these  points  no  longer  coincide,  but 
are  separated  by  a  distance  which  increases  when  the  lead  increases. 

126.  The   diameter  a'  c'  representing  the   stroke  of  the  piston  in  the 
original  arrangement,  it  is  evident  from  inspection  that  the  points  v' ,  w' ,  at 
which 'the  port  is  full  open  in  the  forward  and  return  strokes  respectively,  are 
equidistant  from  0  :  so  that  on  the  line  L'  M',  v'  b  =  b  w' ;  and  this  equality 
will  always  obtain,  whatever  the  lead.     But  with  the  finite  connecting  rod, 
although,  as  shown  by  the  similarity  and  equality  of  the  triangles  lv'  b,  I'w'p', 
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we  find  p  b  =  w'  v,  yet  p'  p  and  p  b  are  not  equal  :  for  the  triangle  b'  0  p,  i 
having  the  same  hypothenusc  as  the  other  triangles,  has  a  greater  perpendi- 
cular, and  hence  its  base  Op  must  be  less  than  iv' p' or  v  b,'  whence p'p  must 
be  less  than  p  b.  But  this  inequality,  since  it  can  never  exceed  that  between 
p  c  and  p  a,  will  not  be  great  unless  the  lead  is  excessive  ;  and  the  same  is 
evident  in  respect  to  the  inequality  between  c  d  and  h  a,  before  spoken  of. 

127.  Since  in  the  valve,  Fig.  29,  all  the  edges  act  .simultaneously,  what- 
ever has  been  found  true  of  the  action  on  the  steam  side  is  equally  true  in 
regard  to  that  on  the  exhaust  side  ;  and  it  is  also  obvious  that  these  dis- 
tances d  c,  h  a,  are  those  traversed  by  the  piston  against  the  pressure  of  the 
steam  from  the  valve-chest;   for  this  being  admitted  at  the  same  time  that 
the  exhaust  is  closed,  the  "  cushioning  "  is  wholly  on  the  lead. 

128.  These  irregularities  in  the  movement  are  absolutely  unavoidable, 
so  long  as  the  ports  are  each  equal -to  half  the  travel.     But  within  certain 
limits  the  full  opening  can  be  made  to  take  place  at  the  same  point  in  each 
stroke,  if  it  be  thought  worth  while  to  do  so,  by  making  the  port  at  one  end 
of  the  cylinder  wider  than  that  at  the  other,  as  shown  in  Fig.  72.     It  being 
required  to  follow  full  stroke  without  lead,  neither  port  can  be  wider  than 
half  the  travel ;  and,  b  being  the  middle   of  the  stroke,  p,   determined  as 
before,  is  the  point  in  the  stroke  c  a  at  which  the  port  e  d,  equal  to  0  a',  is 
full  open.     Make  b  r  =  b  p,   and  rr'=p  b":  then  a  r,  equal  to  c  p,  will  be 
traversed  by  the  piston  while  the  crank  moves  from  a'  to  r'.     From  b',  the 
initial  position  of  the  eccentric  for  the  stroke  a  c,  set  off  b'  r"  =  a'  r' ,  and 
drop  the  perpendicular  r"  x:  0  x  will  evidently  be  the   breadth  of  a  port 
which  will  be  full  open  when  the  piston  reaches  r  ;  x  c'  being  waste  motion. 

129.  However,  if  the  ports  are  wide  enough,  and  opened  at  the  proper 
time,  these  inequalities  in  either  the  time  or  extent  of  their  greatest,  opening 
are  of  very  little  consequence,  especially  in   a  full-stroke   engine  :  for  if  the 
area  be  sufficient  to  allow  a  free  supply  and  a  free  escape,  so  that  the  steam 
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shall  neither  be  "  wire-drawn  "  in  entering  nor  choked  in  departing,  it  can 
make  no  difference  whether  at  any  time  it  be  greater  or  not. 

130.  Of  much  more  consequence  is  the  effect  of  the  angular  vibration  of 
the  connecting  rod  upon  the  time  of  dosing  the  ports,  as  affecting  the  degree 

»  of  expansion  or  compression.  Were  four  separate  valves  used,  each  oper- 
ated by  its  own  eccentric,  it  need  hardly  be  remarked  that  all  the  irregular- 
ities in  the  closure  could  be  easily  rectified,  as  it  would  only  be  necessary  to 
ascertain  the  angles  through  which  the  crank  would  move  during  the  given 
fractions  of  the  stroke  in  either  direction,  and  construct  each  valve  move- 
ment independently  upon  the  data  thus  obtained. 

131.  But  the  results,  when  only  one  eccentric  is  used,  will  be,  perhaps, 
most  readily  seen  if  we  first  consider  the  case  of  a  valve  intended  to  cut  off 
at  half  stroke,  which  Is  illustrated  in  Fig.  73.     The  chords  of  action,  e  e',ff, 
ought  each  to  subtend  an    arc  of  90°,  and   are  so  drawn,  giving  the  equal 
ports  c'  x  for  the  forward  stroke  a  c,  and  a'  y  for  the  return   stroke.      But 
a  quarter  of  a  revolution  requires  the  piston  in  the  forward  stroke  to  move 
from  a  to  p,  and  in  the  return  stroke   only  from  c  back  to^>  ;  so  that  the 
closure  takes  place  too  late  in  the  former  and  as  much  too  early  in  the  latter, 
there  being,  as  shown  by  the  positions  of  the   valves,  no   lead.     Now,  the 
ports  c'  x,  a'  y,  may  correspond  respectively  to  C,  C',  Fig.  29,  to  if,  gh,  Fig.  44, 
or  to  I  m,  k  i,  Fig.   60,    as  we   choose  to  consider  them   either  as  leading 
directly  into  the  cylinder,  and  controlled  by  the   main  slide,  or  as  formed  in 
the  back  of  the  main  valve  or  its  chest,  and  controlled  by  an  independent 
cut-off  valve. 

132.  In  either  case  there  is  one  means  of  compensating  for  the  inequal- 
ity of  a  p,  c  p,  or,  in  other  words,  of  making  p  virtually  the  centre  of  the 
stroke,  which  it  is  proper  to  mention  here. 

It  must  not  be  overlooked,  that  the  stroke  of  the   piston   multiplied  by 
its  area,  is  not  the  real  measure  of  the  cylinder  in  practice,  although  it  would 
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be  very  desirable  to  have  it  so.  Beside  the  "  clearance"  at  the  ends,  the  pas- 
sages which  must  intervene  between  the  cylinder  and  the  valve-seat,  form  a 
very  considerable  item  in  the  quantity  of  steam  required  at  each  stroke, 
which  must  expand  after  the  port  is  closed. 

Now,  it  is  not  necessary  that  the  main  valve  seat  should  be  placed  in 
the  centre  of  the  length  of  the  cylinder,  as  we  have  shown  it,  but  it  may  be 
moved  endlong,  thus  increasing  the  volume  Of  the  passages  at  one  end  of  the 
cylinder,  and  diminishing  it  at  the  other. 

133.  And  the  area  of  the  piston  multiplied  by  the  known  distance^?  b, 
gives  a  definite  volume  ;  and  if  the  valve-seat  be  moved  toward  a,  so  far  as  to 
add  one-half  this  volume  to  the  passage  at  the  other  end  of  the  cylinder,  the 
quantities  of  steam  admitted  for  the  forward  and  the  return  strokes  will  be 
equalized. 

But  since  it  acts  expansively  for  a  greater  fraction  of  the  return  stroke 
than  of  the  forward  one,  it  will  be  necessary,  in  order  to  equalize  the  power 
developed  during  the  two  strokes,  to  move  the  valve-seat  a  little  farther,  so 
as  to  admit  a  little  more  steam  during  the  former  than  during  the  latter. 

134.  This  equalization  is  not  in  all  cases  necessary  or  even  desirable  ;  in 
vertical  and  inclined  engines  it  is  not  uncommon  to  give  more  lead   and  to 
follow  farther  on  the  up  stroke  than  on  the  down  stroke,  in  order  to  counter- 
balance the  weight  and  momentum  of  the  piston  and  its  connections.     But  as 
as  in  many  cases  it  is  desirable,  we  have  mentioned  the  above  as  one  expedi- 
ent ;  and  it  remains  to  consider  what  will  happen  if  it  be  not  adopted. 

135.  Now,  we  can  make  the  valve  close  the  port  at  the  middle  of  the 
return  stroke,  in  Fig.    73,   thus  :  make/'  g  =  b"  m  =  I  b'  (orfg  =  c'  m) 

'draw  g  v  perpendicular  to  L  M,  and  make  the  port  =  a'  v.  Thus,  while  the 
piston  moves  from  c  to  b,  the  crank  goes  from  c'  to  m,  and  the  eccentric  from 
/  to  g.  But  the  valve  will  now  have  a  linear  lead  equal  to  v  y,  on  the  -return 
stroke,  while  there  is  none  on  the  forward  stroke.  We  can  also  make  the 
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other  port  close  at  half  stroke,  by  diminishing  the  arc  e'  e,  until  it  is  equal  to 
a'  I,  thus  reducing  the  port  c'  x,  as  shown  in  dotted  lines. 

Since  by  this  operation  the  '  initial  position  of  the  eccentric  for  the 
return  stroke  will  be  changed  from/ to  i,  it  is  plain  that  in  order  to  make 
the  valve  cut  off  at  half  stroke,  we  must  now  make  the  arc  i  Tc  =  c'  m,  thus 
making  the  port  equal  to  a  w,  and  the  lead  equal  to  w  z,  there  being  still  no 
lead  on  the  forward  stroke  ;  and  if  we  give  lead  on  that  stroke,  it  is  evident 
that  since  the  eccentric  must  be  moved  still  farther  ahead,  the  arcs/i,  g  k, 
must  be  also  increased,  adding  still  more  to  the  lead  on  the  return  stroke. 

136.  This  diagram  then  shows  that  the  point  of  cutting  off  can  be  made 
the  same  in  each  stroke,  but  only  at  the  expense  of  inequality  in  the  lead  ; 
as  indeed  might  have  been  inferred  from  the  fact  that  when  the  finite  con- 
necting rod  is  used,  the  piston  is  in  the  forward  stroke  always  ahead  of,  and 
in  the  return  stroke  always  behind,  the  position  it  would  have  with  the  infi- 
nite one,  the  two  movements  agreeing  only  at  the  beginning  and  end  of  the 
the  stroke. ,    We  have  selected  the  half-stroke  cut-off  for  the  purpose  of  illus- 
tration, because  in  this  case  the  angular  positions  of  the  connecting  rod  are 
more  nearly  like  those  in  the  preceding  figures,  but  evidently  the  same  pro- 
cess will  enable  us  to  follow   equally  through  any  other  fraction  of  the  two 
strokes. 

137.  Fig,    74  shows  the  construction  of  an  independent  cut-off  valve 
•with  the  same  conditions,  viz.,  that  the  closure  shall  take  place  at  the  middle 
of  each  stroke,  there  being  no  lead  on  the  forward  one.      Having  first  found 
the  arcs  a  I,  c'  m,  as  before,  we  make  c'  e  =  c'  e'  =  \  a  I ;  draw  e  0  f,  and 
make/  a'  g  =  c  m  •  then  drawing  the   perpendiculars  g  v,fy,   we  have  a'  v 
for  the  breadth  of  the  port,  a'  x  for  that  of  the  valve,  and  e  for  the  initial  pos- 
ition of  the  eccentric  for  the  forward  stroke,  to   which  the  given  position   of 
the  valve  corresponds  ;  as  the  eccentric  advances,  the  port  will  be  opened  from 
the  edge  a  to  the  distance  x  c'  •  on  the  return  stroke  the  port  will  be  opened 
from  the  edge  v,  and  at  the  beginning  of  the  stroke  there  >will  evidently  be 
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a  lead  equal  to  v  y,  and  the  port  will  be  fully  opened.  Had  it  been  required 
to  give  a  definite  linear  lead  on  the  forward  stroke,  it  would  have  been 
requisite  to  find  the  angular  position  of  the  eccentric,  by  a  process  shown  in 

•  Fig.  75  ;  the  angle  e  of  being  made  equal  to  a'  0  /  of  Fig.  74,  describe  about 
e  an  arc  with  a  radius  equal  to  the  given  lead,  tangent  to  which  draw/"  x  ; 

/  f  will  be  the  chord  of  action,  to  which  the  line  of  motion  L  M  is  perpen- 
dicular, giving  a  b  the  lead  assumed,  and  a  c  the  opening  of  the  port.  Now, 
transferring  the  angle  L  0  e,  Fig.  75,  to  Fig.  74,  we  will  have  the  angular 
position  of  the  eccentric  under  the  new  condition,  and  the  remaining  steps 
are  the  same  as  already  described. 

138.  As  has  been  already  intimated,   this  construction  is  applicable  to 
both  the  main  and  the  cut-off  valve  ;  and  the   valve  shown  in  Fig.   74  may 
be  placed  either  on  the  back  of  the  main  slide  or  on  the  back  of  its  valve- 
chest. 

In  the  latter  case  it  may  be  extended  into  a  gridiron  form,  by  adding 
any  desired  number  of  ports  to  the  valve-seat,  as  u  ?c,  with  corresponding 
valve-faces,  the  distance  v  u  being  of  course  equal  to  a  x. 

In  the  former  case,  the  edge  a  in  the  arrangement  shown  in  Fig.  74, 
corresponds  to  m,  Fig.  60,  and  the  edge  v  of  the  former  to  i  of  the  latter  ; 
the  movement  of  Fig.  74  being  combined  with  that  of  the  main  Valve  in  the 
same  way  as  in  Fig.  64. 

But  since  the  points  e  and/ are  diametrically  opposite  to  each  other,  the 
eccentric  may  be  placed  at/  instead  of  e  at  the  beginning  of  the  forward 
stroke,  in  which  case  the  arrangement  of  the  port  and  valve  at  that  instant 
are  shown  in  Fig.  76. 

The  edges  c'  v,  now  correspond  respectively  to  the  edges  I  k,  Fig.  60  ; 
and  the  movements  of  the  main  and  cut-off  valves  are  combined  as  in  Fig. 
67. 

139.  These  processes  of  equalization   are   more  especially  applicable  to 
the  independent  cut-off  valve  movements,  for  the  reason  already  pointed  out, 
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that  if  the  lead  of  the  main  valve  be  right,  that  of  the  other  is  of  no  conse- 
quence, and  may  be  increased  or  diminished  on  either  stroke  or  both,  with- 
out affecting  the  action,  except  in  so  far  as  a  change  in  the  lead  affects  the 
point  of  cutting  off.  Still,  if  we  are  content  to  have  the  lead  unequal,  we 
can  by  a  similar  process  construct  a  movement  in  which  not  only  the  cut-off, 
but  the  exhaust  closure  of  the  main  valve  shall  be  equalized.  As  an 
example,  let  it  be  required  to  make  a  valve  which,  with  a  given  travel  and 
a  stated  lead  on  the  forward  stroke,  shall  cut  off  at  five-eighths  and  close  the 
exhaust  at  three-fourths  of  each  stroke.  In  order  to  avoid  confusion,  the 
"  skeleton  movement "  of  the  connecting  rod  is  given  separately  in  Fig.  77. 
The  construction  is  as  follows  :— 

140.  First,  lay  off  a  p.  five-eighths  of  the  forward  stroke,  and  from  p 
with  the  known  length  of  the  connecting  rod  set  off  the  point  I  on  the  circle 
of  the  crank-path  ;  about  I,  with  a  radius  equal  to  the  stated  linear  lead, 
describe  an  arc,  to  which  draw  a'-w  tangent  as  shown,  thus  determining 
a  chord  a'  d,  which,  it  will  be  seen,  corresponds  to  the  chord  of  action//', 
in  Fig.  75. 

Next,  the  eccentric's  orbit  in  Fig.  78  being  of  the  same  diameter  as  the 
crank's  path  in  Fig.  77,  the  arc  //'  in  the  latter,  bisected  at  c',  is  made 
equal  to  a'  d  'in  the  former;  and  an  arc  being  described  about/,  with  the 
linear  lead  as  radius,  N  x,  tangent  to  this  arc  and  perpendicular  to  L  M, 
determines  e,  the  initial  position  of  the  eccentric  for  the  forward  stroke,  yx 
being  the  assumed  lead,  y  v  the  opening  of  the  port,  and  y  0  the  lap,  on 
the  steam  side  for  the  same  stroke. 

Now  in  Fig.  77,  make  a  i  equal  to  three-fourths  of  the  forward  stroke, 
and  in  the  same  manner  as  before,  find  the  point  q,  the  arc  a'  q  being  that 
through  which  the  eccentric  moves,  while  the  piston  moves  from  a  to  i  ; 
make  in  Fig.  78  e  A  equal  to  a  q,  and  draw  h  z  perpendicular  to  L  M  ;  z  x 
will  be  the  lead,  z  0  the  lap,  and  z  c'  the  opening  of  the  port  on  the  exhaust 
side  for  the  forward  stroke. 
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141.  Now,  a  half  revolution  being  made  at  each  stroke,  e1,  diametrically 
opposite  to  e,  will  be  the  position  of  the  eccentric  at  the  beginning  of  the 
return  stroke  ;  and  making  cp',  Fig.  77,  equal  to  five-eighths  of  that  stroke, 
we  find  that  while  the  piston  moves  so  far,  the  crank  describes  the  arc  c'  TO,  to 
which  then  we  make  eg  equal,  in  Fig.  78,  and  drawing  e'  I,  gm,  perpendicular 
to  L  M,  we  have  0  TO  the  lap,  TO  I  the  lead,  and  TO  a'  the  opening  of  the  port 
on  the  steam  side  for  the  return  stroke. 

And  making  c  i\  Fig.  77,  equal  to  three-fourths  of  the  same  stroke,  we 
find  c'  q'  the  arc  described  by  the  crank  during  that  part  of  it;  make  t  k, 
Fig.  78,  equal  to  this  arc,  and  draw  k  n  perpendicular  to  L  M  ;  0  n  will  be 
the  lap,  n  I  the  lead,  and  n  a  the  opening  of  the  port  on  the  exhaust  side 
for  the  return  stroke. 

142.  By  the  term  "  opening  of  the  port,"  it  need  hardly  be  explained, 
is  implied  the  distance  to  which  the  opening  edge  of  the  valve  moves  past 
that  of  the  port,  and  as  these  four  valves  vary  from  each   other  in  this 
particular,  it  is  plain  that  our  two  ports  cannot  be  made  made  to  suit  them 
all,  in  such  a  way  as  exactly  to  utilize  all  the  motion  and  just  open  the 
ports.     But  this  cannot  be  helped,  any  more  than   the  inequality  of  the 
lead ;  but  whatever  the  breadth  of  the  ports,  if  the  lap  on  the  two  sides  be 
correct,  the  cut-off  and  the  exhaust  closure  will  take  place  at  the  proper 
times. 

143.  In  the  figure,  it  is  assumed  that  m  a', the  steam  opening  for  the  return 
stroke,  (which  is  very  nearly  equal  to  z  c',the  exhaust  opening  for  the  forward 
stroke),  is  sufficient  for  all  purposes  ;  and  0  TO  being  the  steam  lap  for  the 
former,  we  have  only  to  add  a '  r  =  0  z,  the  exhaust  lap  for  the  latter,  and 
assume  a'  p  at  pleasure,  in  order  to  complete  the  left-hand  part  of  the  valve 
and  seat.     The  valve  being  at  mid-travel,  r  t  must  be  made  equal  to  0  a  + 
ma' ,  that  the  escape  may  not  be  choked  when  the  valve  moves  to  the  right : 
t  u  is  made  equal  to  a'  p,  the  port  u  v  to  m  a',  the  steam  lap  v  w  to  0  y,  and 
the  exhaust  lap  u  s  to  0  n,  which  finishes  the  right-hand  part  of  the  arrange- 
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ment,  and  gives  us  a  valve  which  will  do   its  work  under  the  stated  condi- 
tions. 

We  have  drawn  the  three-ported  valve,  because  it  is  the  form  most  com- 
monly used  ;  but  evidently  the  two-ported  one  could  have  been  constructed 
under  the  same  conditions  just  as  readily  as  this. 

1 44.  If  the  independent  cut-off  valve  be  of  the  third,  or  perforated  va- 
riety, the  equalization  of  its  action  is  readily  effected,  but  of  course  at  the  ex- 
pense of  destroying  the  equality  of  the  lead.     The  mode  of  proceeding  will 
be  readily  understood  by  the  aid  of  Fig.   79,  which  represents  such  a  valve 
arranged  to  cut  off  at  half  stroke  in  both  directions.     The   arc  e  e',  bisected 
at  b',  being  made  equal  to  a'  I,  we  have  e,  the  position  of  the  eccentric  at  the 
beginning  of  the  forward  stroke  ;  and  the  perpendiculars  e  d,  e  n,  determine 
the  closing  edges  d  and  n  of  the  valve  and   seat  respectively  for  that  stroke, 
it  being  assumed  that  there  is  to  be  no  lead  on  the  return  stroke,  at  the  be- 
ginning of  which  the  eccentric  will  be  at/,  the  edge  d  coinciding  with  n. 

Now,  making//'  =  c'  m,  and  drawing/  h  parallel  to  L  M,  it  is  clear  that 
in  order  to  open  and  close  the  port  at  the  required  point,  the  valve  must 
move  through  a  distance  equal  to  hf' :  and  bisecting  this  at  g,  we  set  off  the 
distance  h  g  from  n  to  r  for  the  port  in  the  seat,  and  from  d  ro  k  for  that  in 
the  valve  ;  and  the  valve  being  drawn  in  the  proper  position  for  the  begin- 
ning of  the  forward  stroke,  it  is  evident  that  it  will  have  a  lead  equal  to  twice 
p-ff,  or  to  if  on  this  stroke,  although  there  is  none  on  the  other. 

145.  Had  it  been  stipulated  that  a  definite  linear  lead  should  be  given 
on  the  return   stroke,  it  is  to  be  observed  that  the  closing  edge  d  for  the  for- 
ward stroke,  is  the  opening  edge  for  the  other,  and  that  since  e  and/ are  180° 
apart,  if  d  be  moved  forward  by  advancing  e,   it  will  after  a  half  revolution 
have  moved  past  n  to  the  same  distance.     In  other  words,  we  proceed  exact- 
ly as  though  a  definite  lead  were  to  be  given  on  the  forward  stroke  ;  'and 
since  after  the  beginning  of  this  stroke  the  eccentric  is  to  -move  through  the 
arc  a' I,  (or  its  equal  e  e',)  before  closing  the  port,  we  find  the  line  of  motion  as 
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follows  :  About  e',  Fig.  80,  with  a  radius  equal  to  the  given  lead,  describe  an 
arc,  tangent  to  which,  as  shown,  draw/  x  from  the  extremity./  of  the  diam- 
eter e  Of ;  and  perpendicular  to/  x  draw  the  line  of  motion  L  0  M  :  e  iand 
e  d,  perpendicular  to  L  M,  determine  as  before  the  edges  d  and  n  of  the 
ports  in  the  valve  and  the  seat  respectively,  the  valve  being  of  course  placed 
in  its  proper  position  at  the  beginning  of  the  forward  stroke.  At  the  begin- 
ning of  the  return  stroke  the  eccentric  is  at/;  and  making//'  =  vm,  draw 
/'  h  parallel  to  L  M  ;/'is  the  position  of  the  eccentric  when  the  port  closes, 
and  it  evidently  begins  to  open  when  the  eccentric  reaches  i ;  therefore, 
hf'  is  the  whole  distance  traversed  by  the  valve  in  opening  and  closing  the 
port,  the  breadth  of  which  is,  consequently,  nr  =  hg  =  3  A/'  ;  and 
setting  back  dk  =  nr,  we  find  rk  the  lead  on  the  forward  stroke.  This 
mode  of  procedure,  it  need  hardly  be  remarked,  will  be  found  equally 
applicable  if  any  other  point  of  cutting  off  be  selected. 

146.  These  irregularities   and    inequalities    in    the    movement,    which 
result  from  the  angular  "  vibration  "  of  the  main  connecting  rod,  are  the 
most  prominent  of  the  ordinary  variations  from  the  normal  conditions  which 
obtain  when  the  slotted  crosshead  connections  are  used. 

But  there  are  others  arising  from  the  use  of  a  finite  eccentric  rod  ; 
similar  in  kind,  because,  as  seen  from  Tig.  3,  the  valve  movement  is  precisely 
like  the  piston  movement ;  but  less  in  degree,  because  the  eccentric  rod  is 
usually  much  longer  in  proportion  to  the  travel  than  the  connecting  rod  is 
in  proportion  to  the  stroke. 

The  former  were  of  such  magnitude  and  importance  as  to  require 
separate  consideration  ;  this  is  hardly  the  case  with  the  latter,  more 
particularly  as  it  is  very  improbable  that  in  practice  a  slotted  crosshead 
would  be  used  for  the  piston  connection  in  combination  with  a  finite 
eccentric  rod,  the  effects  of  which,  therefore,  we  need  only  examine  with 
reference  to  the  ordinary  construction  shown  in  Fig.  3. 

147.  The  shorter  the  rod  in  proportion  to  the  travel,  the  more  con- 
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spicuous  these  effects  will  be  ;  and  for  the  purposes  of  illustration,  it  will  be 
most  convenient  to  suppose  the  ratio  to  be  the  same  as  that  between  the 
main  connecting  rod  and  the  piston.  Under  these  circumstances,  the 
diagram  Fig.  71  may  represent  both  the  piston  movement  and  the  move- 
ment of  a  full-stroke  valve.  Supposing  the  latter  to  have  no  lead,  b'  at  the 
beginning  of  the  forward  stroke  will  be  the  position  of  the  eccentric,  and  p 
that  of  the  valve,  which  is  thus  drawn  ahead  of  the  normal  or  central 
position  it  would  have  occupied  had  the  eccentric  rod  been  infinite,  or  always 
parallel  to  L  M,  as  shown  at  b'  x. 

148.  It  is  therefore  evident  that  the   full  opening  of  the  port  will  take 
place  as  before  when  the  piston   is   at  p  in  either  stroke  ;  but  since  at  the 
beginning  of  either  the  valve  is  at  p,  the  extent  of  the  opening  will  be  only 
equal  to  p  c  on  the  forward  stroke,  but  equal  to  p  a  on  the  return  stroke  ;  so 
that  if,  in  Fig.  72.  xo,  de,  are  made  respectively  equal  to  p  c,  p  a,  we  shall 
have,  a  valve  in  which  both  the  ports  will  be   fully  opened.      It  need  hardly 
be  observed  that  by  the  introduction,  if  required,  of  a  rock  shaft  and  lever  as 
in  Fig.  70,  the  greatest  opening  can  be   made   to  occur  in   either  stroke, 
whether  the  valve  be  two-ported  or  three-ported,  and  whether  the  engine  be 
direct-acting  or  back-acting  ;  in  what  follows,  therefore,  unless  the  contrary 
be  expressly  mentioned,  the  connections  of  both  crank  and  eccentric  will  be 
assumed  as  diiect. 

149.  Now,  let  us  suppose  lead  to  be  given,  by  advancing  the  eccentric 
to  e  at  the  beginning  of  the  forward  stroke,  which  will  pull  the  valve  forward 
from  p  to  p.     After  a  half  revolution,  the  eccentric  being  at  e  for  the  return 
stroke,  the  valve  will  be  found  at  b  ;  but  we  have  already  seen  that  pp'  is 
less  than  pb  ;  so  that  a  given  angular  advance  of  the  eccentric  gives  more 
lead  on  the  return    than    on   the    forward    stroke.     And  this  is  all ;  for  the 
angular  positions  of  the  eccentric,  at  the  beginning  of  each  stroke  and  at  the 
instants  of  closing  the  ports,  being  the  same  as  when  the  eccentric  rod  was 
-supposed  to  be  infinite,  it  is  clear  that  this  closure  must  take  place  at  the 
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same  points,  d  in  the  forward  and  h  in  the  return  stroke.  But  a  glance  at 
Fig.  72  will  show  that  if  we  extend  the  port  scO  on  the  right  as  much  as^>  b 
exceeds  pp'  in  Fig.  71,  the  linear  lead  will  be  equalized  ;  but  since  in  order 
to  close  the  port  the  eccentric  must  then  move  a  little  farther,  the  closure 
will  take  place  still  later  in  the  forward  stroke. 

150.  With  a  full-stroke  valve,  then,  the  introduction  of  the  finite  eccen- 
tric, rod  has  the  effect  of  making  the  linear  lead  and  the  port  opening  greater 
in  one  stroke  than  in  the  other.     And  the  same  results  follow  if  the  valve  is 
arranged  to  cut  off,  as  may  also  be  seen  from  Fig.  71,  regarding  it  simply 
as  a  diagram  of  the  valve-movement.      Thus,  let  e  be  the  position  of  the 
eccentric  at  the  beginning  of  the  forward  stroke  ;    e'  will  be  its  position  at 
the   beginning  of  the  return  stroke,  el'  and  e'  I  the  normal  chords  of  action, 
which  would  give  the  equal  port  openings  c  w'  and  a'  v'.     But  by  the  intro- 
duction of  the  finite  rod,  these   openings  become  respectively  p'  c  and  b  a  ; 
the  former  being  less,  and  the   latter  greater  than  c'  w' ,  by  as  much  as  .the 
hypothenuse  ep',  which  is  equal  to  cc'  or  a  a,  exceeds  the  base  u/p'. 

This  is  supposing  that  there  is  no  lead  ;  now  let  the  eccentric  be  ad- 
vanced from  e  to  n,  which  would  in  the  normal  movement  give  the  equal 
leads  w'  d'  on  the  forward,  v'  h'  on  the  return  stroke. 

The  angular  action  of  the  rod  changes  these  to  p'  d  and  b  h  respectively  ; 
\>\ii  p' d  =  w'  d'+w'p'-dd'-  and  d  d'  being  greater  than  w'p',p'dis 
less  than  10'  d',  by  an  amount  equal  to  the  difference.  On  the  other  hand, 
b  h  =  v'  h'  +  h'  h  —  v'  b,  or  what  is  the  same  thing,  b  h  =  w'  d'  -\-  dd'  -  w' p'  ; 
showing  that  the  lead  is  just  as  much  greater  than  its  normal  dimension  on 
the  return  stroke  as  it  is  less  on  the  forward  stroke. 

151.  It  is  therefore  plain  that  the  cut-off  can  be  equalized  only  at  the 
expense  of  inequality  of  lead  ;     and   the  process  is  illustrated  in  Fig.  81, 
which  shows  the  movement  of  a  valve  arranged  to  cut  off  at  half  stroke  in 
both  directions,  with  no  lead  on  the  forward  stroke.      The  piston  movement 
being  assumed  as  the  same  as  that  of  the   valve,  the   only  difference  between 
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this  figure  and  Fig.  74,  consists  in  the  substitution  of  the  finite  radius,  as 
ex,fy,  ff  v,  for  the  perpendiculars  e  x',f  y' ,  gv',  in  determining  the  lead 
and  the  port  openings. 

152.  If  beside  equalizing  the  port  closure,  it  be  stipulated  that  a  certain 
linear  lead  be  given  on  the  forward  stroke,  it  is  no  longer  possible  to  assume 
the  line  of  motion  ;    because  the  angular  lead  will  vary  with  the  angular  po- 
sition of  the  rod,  which  depends  both  on  the  ratio  of  its  length  to  the  travel, 
and  on  the  position  of  the  eccentric. 

Having  ascertained  from  the  diagram  of  '  the  piston  movement  the  angle 
through  which  the  piston  moves  the  crank  in  moving  through  the  part  of  the 
forward  stroke  during  which  the  admission  is  to  continue,  we  find  the  full 
chord  of  action,  the  line  of  motion,  and  the  position  of  the  eccentric,  by  the 
process  shown  in  Fig.  82. 

153.  Make  eOe'  equal  to  the  angle  found  as  above  ;    about  e  and  e'  as 
centres,  with  a  radius  equal  to  the  length  of  the  eccentric  rod,  describe  the 
arcs  7?i n,  p  o,  intersecting  each  other  at  i.      Draw  Or,  Os,  0  t  (any  desired 
number  of  indefinite  radiating  lines),  at  pleasure,  and,   bisecting  the  portions 
x  x  ,  y  y',  etc.,  intercepted  between  the  arcs  m  n  and  p  o,  draw  i  q  through  the 
points  of  bisection,  g,  h,  k,  etc.,  and,  parallel  to  this  curve,  at  a  distance  from 
it  equal  to  half  the  given  linear  lead,  draw   the   curves  u u',  vv1,  which  will 
cut  m  n,  p  o,  in  b  and  a,  through  which  two  points  draw  L  O  M  the  line  of 
motion  ;    e'f,  perpendicular   to  L  M,  will  be  the  chord  of  action,  and  e  the 
initial  position  of  the    eccentric,  for  the  forward  stroke.     Setting  back  w  I 
equal  to  el,  it  is  plain  that,  as  shown,_the  lead  on  the  forward  stroke  will  be" 
a  I  as  given,  and  the   port  opening  will   be  al.      For  the  return  stroke,  the 
angle   through  which  the  crank  moves  before  the  time  of  closure  is  ascer- 
tained as  before   from  the   diagram  of  the  piston  movement,  and  laid  off  on 
Fig.  82  as  d  0  d',  forward  from  d  the  extremity  of    the  diameter  e  d  •    and 
from  d,  w',  and  d',  with  the  radius  e  b,  are  set  out  on  the  line  of  motion  the 
points  I',  I',  a',  giving  a'  b'  the  lead,  and  a'  I'  the  port  opening,  for  that  stroke. 
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154.  Fig.  81  represents  an  independent,  cut-off  valve,  like  that  shown  in 
Fig.  74,  which  may  be  placed  either  on  the  back  of  the. main  valve  or  on  the 
back  of  its  valve-chest  ;  in  either  case  the  eccentric  may  be  placed  at/  in- 
stead of  at  e,  at  the  beginning  of  the  forward  stroke,  the  edge  x  of  the  valve 
being  in  that  case  made   to  coincide  at  the  same  time  with  v  of  the  port, 
which  will  be  opened  and  closed  at  the  same  instants  as  now,  only  from  the 
opposite  edges,  as  will  be  seen  by  considering  the  action  of  the  valve  drawn 
in  faint  lines  under  the  valve-seat. 

155.  The  construction  of  the  movement  of  a  two-ported  or  a  three-port- 
ed main  valve,  in   which  the  points  of  cutting  off  and  exhaust  closure  are 
equalized  for  the  two  strokes,  taking  into  account  the  angular  vibrations  of 
both  the  main  connecting  rod  and  the  eccentric  rod,  differs  from  that  ex- 
hibited in  Fig.  78,  in  these  two  respects  :   that  the  effect  of  a  given  linear 
lead  in  the  forward  stroke  must  be   ascertained  as  in  Fig.  82,  and  that  the 
finite  length  of  the  eccentric  rod  must  be  made  use  of  as  in  Fig.  81,  in  deter- 
mining the  lap,  lead,  and  port  openings,  instead  of  the  perpendiculars  to  L  M, 
employed  in  the  first-named  diagram. 

156.  For  the  sake  of  illustration,  we  have  in  Fig.  83  drawn  the  move- 
ment of  a  valve  arranged  to  fulfil  the  same  conditions  as  the   one  shown  in 
Fig.  78,  viz.,  that  the  cut-off  shall  take  place  at  five-eighths,  and  the  exhaust 
closure  at  three-fourths,  of  each  stroke,  a  definite  linear  lead  to  be  given  on 
the  steam  side  for  the  forward  stroke.     The  crank  angles  are  therefore  de- 
termined from  Fig.  77  :  except  that  a  0  /  of  that  diagram  is  first  laid  out  as 
e  Of  of  Fig.  83,  and  L  M  determined  as  in  Fig.  82  ;  thus  fixing  e,  e',  the 
initial  positions  of  the  eccentric  for  the  forward  and  return  strokes  respec- 
tively ;  after  which  the  angles  are  transferred  from  Fig.  77  to  Fig.82,  e  0  A 
being  made  equal  to  a'  0  q,  e'  0  g  to  c'  0  m,  and  e'  0  k  to  c  0  q. 

After  this,  with  the  length  of  the  eccentric  rod,  set  off  on  L  M  from  the 
points  e,  f,  h,  e\  g,  k,  the  points  x,  y,  z,  I,  m,  and  n  ;  a,  b.  c,  being  the  ex- 
treme and  mean  points  of  the  travel,  determined  with  the  same  radius. 
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157.  In  order  to  make  the  action  as  clear  as  possible,  the  valve  is  drawn 
in  its  central  position,  with  the  steam  edge  for  the  forward  stroke  at  b.  When 
the  eccentric  'has  reached/,  this  edge  will  have  advanced  to  y;  and  the  eccen- 
tric in  moving  to  e  will  carry  it  to  x,  giving  the  required  lead  y  x;  after  which 
it  will  move  to  c,  giving  the  port  opening  y  c,  and  then  return,  reaching  y 
again,  and  cutting  off,  when  the   eccentric  reaches/',  as  required.     The  lap 
u  r  is  made  equal  to  b  z;  so  that  r  will  coincide  with  u,  closing  the  exhaust  on 
the  forward  stroke,  when  the  edge  b  of  the  valve  is  at  z,  at  which  time  the 
eccentric  is  at  h,  as  also  called  for  by  the  conditions.     But  at  the  beginning 
of  that  stroke,  b  having  gone  beyond  z  to  x,  r  must  have  passed  beyond  w, 
by  the  same  distance  z  x,  which  is  therefore  the  exhaust  lead  on  that  stroke, 
and  z  c  is  the  distance  to  which  the  exhaust  port  will  be  opened. 

158.  At  the  beginning  of  the  return  stroke,  the  eccentric  is  at  e;  and  if 
the  steam  edge  of  the  valve  be  then  at  I,  it  must  go  to  the  right  as  far  as  a, 
and  then  back  as  far  as  m,  when  the  eccentric  being  at<7,  the  valve  must  meet 
the  edge  of  the  port  in  order  to  cut  off  as  required,  having  still  to  go  from 
mto  b  before  reaching  the  central  position.     Therefore  ml  is  the  steam  lead, 
m  a  the  opening  of  the  port,  and  mb  the  lap  on  the  steam  side.     If  we  sup- 
pose /  to  be  the  exhaust  edge  of  the  valve  when  the  eccentric  is  at  e',  evidently 
it  too  must  go  to  a,  and  in  returning  come  back  as  far  as  n  before  meeting 
the  edge  of  the  port,  in  order  to  close  the  exhaust  when  the  eccentric  reaches 
k,  as  required.     Consequently,  n  a  is  the  opening  of  the  port,  n  I  the  lead, 
and  n  b  is  minus  lap;  the  port  being  wider  than  half  the  travel,  and  the  valve 
being  obliged,  as  the  result,  to  go  beyond  the  central  point  to  close  it;  a  con- 
dition of  things  widely  different  from  the  normal   one,  but  not  astonishing 
when  we  consider  the  enormous  lead. 

159.  The  actual  breadths  of  the  ports  may  be  assumed  at  pleasure  ;  but 
.  when    in    addition  to    the  parts    above    specified,  we  make    the  bteam  lap 

w  0  =b  m,  and  the  minus  exhaust  lap  ««  =  &»,  and  the  distance  r  if  =  0  r 
+  0  u,  it  is  clear  that  all  the  conditions  will  be  complied  with  in  the  action, 
t  v  and  up  being  arbitrary. 
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160.  The  equalization  of  the  port  closure  in  the  ca?e  of  the  perforated 
valve,  when  the  finite  eccentric  rod  is   introduced,  is  effected  in  the  same 
manner,  that  is  by  using  it  as  a  radius,  in  setting  off  the  positions  of  the  port 
edges  on  the  line  of  motion,  from  the  eccentric  positions  ascertained  from  the 
diagram  of  the  piston  movement,  instead  of  drawing  perpendiculars  to  that 
line  from  those  positions,  as  is    done  if  the  slotted  crosshead  connection  be 
used  for  the  valve  motion. 

161.  As  an  illustration,  there  is  given  in  Fig.  84  a  diagram  of  the  move- 
ment of  this  valve,  of  which  the  conditions  are  the  same  as  in  the  one  shown 
in  Fig.  79,  viz.  :    that  the  valve  without  lead  on  the  return  stroke  shall  cut 
off  at    half  stroke,  in    both    directions.     The    angle    e  0  e',  bisected  at  b',  is 
made  equal  to  a'  0  I  or  e  0  e  in  Fig.  79,  and  from  e  and  e'  are  determined  the 
points  d  and  n  on  L  M,  with  a  radius  e  d  equal  to  the  given  length  of  the 
eccentric  rod.     Drawing  the  diameter  eOf,  the  angle  /Of  is  made  equal  to 
c'Om  of  Fig.  79,  and  from  the  point/' is  determined  the  point  r  in  the  same 
manner  as  n  and  d  were  found  ;    and  since  f  n  =  e'  n,  n  r  is  the   distance 
through  which  the  eccentric  moves  the  valve  in  traversing  the  arc//  ;    and 
bisecting nr  atp,  we  have  np  for  the  port  in  the  valve   seat,  and  making  the 
port  d  s  in  the  valve  equal  to  it,  we  find^>  s  the    lead  on  the  forward  stroke. 
Since  d  moves  to  the  left  as  far  as  c,  the  valve-face  d  u  must  be  equal  to  cp, 
while  it  is  only  necessary  that  vs  =  vn-\-ns  =  da-\-  dp  =  a  p. 

162.  Now,  when  it  is  required  to  introduce  the  final  condition  of  a  cer- 
tain linear  lead  on  the   return    stroke,  we  proceed  as  before  by  first  deter- 
mining the  initial  position  of  the  eccentric  for  the  forward  stroke  as  though 
the  same  lead  were  to  be  given  on  that  instead  of  the  other  ;    and,  referring 
to  Fig.  80,  it  is  to  be  observed  that  neither  the  angle  e  0  e',  through  which 
the  eccentric  moves  while  the  piston  goes  from  the  beginning  of  that  stroke 
to  the  point  of  cutting  off,  nor  the  supplementary  angle  e'  Of  described  by 
the  eccentric  during  the  remainder  of  the  stroke,  are  affected  by  the  lead. 
And  the  chord  e'f  of  this  supplementary  angle  has  the  same  relation  to  the 
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line  of  motion  L  M,  that  the  chord  e  e  has  in  Fig.  82.  Consequently,  in 
Fig.  85,  we  make  use  of  this  chord  e'f  and  the  given  lead  In  to  determine  the 
line  L  M  as  in  Fig.  82,  thus  ascertaining  the  positions  /  and  e  of  the  eccen- 
tric at  the  beginning  of  the  return  and  forward  strokes  respectively  ;  after 
which  the  angle  /  0  /'  is  set  off,  and  the  points  d,  n,  r,  ascertained  as  in 
Fig.  84,  and  as  there,  np,  one-half  of  nr,  is  the  breadth  of  the  port,  andps 
the  lead  on  the  forward  stroke. 

163.  Allusion  has  been  made  to  the  introduction  of  a  rock  shaft  and 
lever,  as  a  means  of  reversing  the  motion  of  the  valve,  by  which  the  "  for- 
ward "  and  the  "  return  "  strokes  are  virtually  transposed,  in  so  far  as  their 
relations  to  the  matters  herein  discussed  are  concerned,  as  has  already  been 
intimated. 

It  may  be  said,  that  new  irregularities  will  be  thus  introduced  into  the 
movement  ;  and  this  is  true,  so  far  as  it  goes.  But  they  are  of  so  insignifi- 
cant, a  character,  that  in  ordinary  practice  they  may  be  disregarded  alto- 
gether ;  and  even  if  they  were  not,  they  are  not  necessary  results  of  such 
reversal  of  motion,  as  there  is  more  than  one  way  to  get  rid  of  them.  Con- 
sequently we  shall  not  enter  upon  a  consideration  of  their  nature  or  extent, 
our  work  ending,  as  it  began,  with  an  examination  of  the  engine  in  its  most 
simple  form,  with  the  fewebt  and  most  direct  connections 
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nine  experiments  on  the  effect  of  back-water  on  the  flow  over  weirs ;  eighty- 
eight  experiments  made  for  the  purpose  of  determining  the  formula  for  com- 
puting the  flow  over  weirs  of  regular  or  standard  forms,  with  several  tables 
of  comparisons  of  the  new  formula  with  the  results  obtained  by  former  experi- 
menters ;  five  experiments  on  the  flow  over  a  dam  in  which  the  crest  was  of  the 
same  form  as  that  built  by  the  Essex  Company  across  the  Merrimack  River  at 
Lawrence,  Massachusetts;  twenty-one  experiments  on  the  effect  of  observing 
the  depths  of  water  on  a  weir  at  different  distances  from  the  weir ;  an  exten- 
sive series  of  experiments  made  for  the  purpose  of  determining  rules  for 
gauging  streams  of  water  in  open  canals,  with  tables  for  facilitating  the  same ; 
and  one  hundred  and  one  experiments  on  the  discharge  of  water  through  sub- 
merged orifices  and  diverging  tubes,  the  whole  being  fully  illustrated  by 
twenty-three  double  plates  engraved  on  copper. 

In  1855  the  proprietors  of  the  Locks  and  Canals  on  Merrimack  River  con- 
sented to  the  publication  of  the  first  edition  of  this  work,  which  contained  a 
selection  of  the  most  important  hydraulic  experiments  made  at  Lowell  up  to 
that  time.  In  this  edition  the  principal  hydraulic  experiments  made  there, 
subsequent  to  1855,  have  been  added,  including  the  important  series  above 
mentioned,  for  determining  rules  for  the  gauging  the  flow  of  water  in  open 
canals,  and  the  interesting  series  on  the  flow  through  a  submerged  Veuturi's 
tube,  in  which  a  larger  flow  was  obtained  than  any  we  find  recorded. 
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Francis  on  Cast-Iron  Pillars. 

8vo.    Cloth.    $2.00. 

ON  THE  STRENGTH  OF  CAST-IRON  PILLARS,  with  Tables 
for  the  use  of  Engineers,  Architects,  and  Builders.  13y  JAMES  B. 
FBANCIS,  Civil  Engineer. 


Merrill's  Iron  Truss  Bridges. 

Second  Edition. 

4to.     Cloth.     $5.00. 

IRON  TRUSS  BRIDGES  FOR  RAILROADS.  The  Method  of 
Calculating  Strains  in  Trusses,  with  a  careful  comparison  of  the 
most  prominent  Trusses,  in  reference  to  economy  in  combination, 
etc.,  etc.  By  Brevet  Colonel  WILLIAM  E.  MEURILL,  U.S.A., 
Major  Corps  of  Engineers.  Nine  lithographed  plates  of  illustra- 
tions. 

"  The  work  before  us  is  an  attempt  to  give  a  basis  for  sound  reform  in  this 
feature  of  railroad  engineering,  by  throwing  '  additional  light  upon  the 
method  of  calcul  iting  the  maxima  strains  that  can  come  upon  any  part  of  a 
bridge  truss,  and  upon  the  manner  of  proportioning  each  part,  so  that  it  shall 
be  as  strong  relatively  to  its  own  strains  as  any  other  part,  and  so  that  the 
entire  bridge  may  be  strong  enough  to  sustain  several  times  as  great  strains 
as  the  greatest  that  can  come  upon  it  in  actual  use.'  " — Scientific  American. 

"  The  author  has  presented  his  views  in  a  clear  and  intelligent  manner,  and 
the  ingenuity  displayed  in  coloring  the  figures  so  as  to  present  certain  facts 
to  the  eye  forms  no  inappreciable  part  of  the  merits  of  the  work.  The  reduc- 
tion of  the  '  formulie  for  obtaining  the  strength,  volume,  and  weight  of  a  cast- 
iron  pillar  under  a  strain  of  compression,'  will  be  very  acceptable  to  those  who 
have  occasion  hereafter  to  make  investigations  involving  these  conditions.  As 
a  whole,  the  work  has  been  well  done." — Railroad  Gazette,  Chicago. 


Humber's  Strains  in  Girders. 

18mo.    Cloth.    $2.50. 

A  HANDY  BOOK  FOR  THE  CALCULATION  OF  STRAINS 
IN  GIRDERS  and  Similar  Structures,  and  their  Strength,  con- 
sisting of  Formulae  and  Corresponding  Diagrams,  with  numerous 
details  for  practical  application.  By  WILLIAM  HUMBER.  Fully 
illustrated. 
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Shreve  on  Bridges  and  Roofs. 

8vo,  87  wood-cut  illustrations.   Cloth.     $5.00. 

A    TREATISE    OX    THE    STRENGTH    OF    BRIDGES  AND 

ROOFS — comprising  the  determination  of  Algebraic  formulas 
for  Strains  in  Horizontal,  Inclined  or  Rafter,  Triangular,  Bow- 
string, Lenticular  and  other  Trusses,  from  fixed  and  moving 
loads,  with  practical  applications  and  examples,  for  the  use  of 
Students  and  Engineers.  By  S.VMUEL  H.  SHREVE,  A.M.,  Civil 
Engineer.  Nearly  ready. 

The  rules  for  the  determination  of  strains  given  in  this  work,  in  the  shape 
of  formulas,  are  deduced  from  a  few  well-known  mechanical  laws,  and  are  not 
based  upon  assumed  conditions ;  the  processes  are  given  and  applications 
made  of  the  results,  so  that  it  is  equally  valuable  as  a  text-book  for  the 
Student  and  as  a  manual  for  the  Practical  Engineer.  Among  the  examples 
are  the  G-reithauseri  Bridge,  the  Kuilembsrg  Bridge,  a  bridge  of  the  Saltash 
type,  and  many  other  compound  trusses,  whose  strains  are  calculated  by 
methods  which  are  not  only  free  from  the  use  of  the  higher  mathematics,  but 
are  as  simple  and  accurate,  and  as  readily  applied,  as  those  which  are  used  in 
proportioning  a  Warren  Girder  or  other  simple  truss. 


The  Kansas  City  Bridge. 

4to.    Cloth.    $6.00 

WITH  AN  ACCOUNT  OF  THE  REGIMEN  OF  THE  MIS- 
SOURI RIVER,  and  a  description  of  the  Methods  used  for 
Founding  in  that  River.  By  0.  CHANUTE,  Chief  Engineer,  and 
GEORGE  MORISON,  Assistant  Engineer.  Illustrated  with  five 
lithographic  views  and  twelve  plates  of  plans. 

Illustrations. 


VIEWS.— View  of  the  Kansas  City 
Bridge,  August  2,  18G9.  Lowering 
Caisson  No.  1  into  position.  Caisson 
for  Pier  No.  4  brought  into  position. 
View  of  Foundation  Works,  Pier  No. 
4.  Pier  No.  1. 

PLATES. — I.  Map  showing  location 
of  Bridge.  II.  Water  Record — Cross 
Section  of  River — Profile  of  Crossing 
— Pontoon  Protection.  III.  Water 
Deadener — Caisson  No.  2 — Founda 


tion  Works,  Pier  No.  3.  IV.  Founda- 
tion Works,  Pier  No.  4.  V.  Founda- 
tion Works,  Pier  No.  4.  VI.  C.ii'son 
No.  5— Sheet  Piling  at  Pier  No.  0 — 
Details  of  Dredges — Pile  Shoe — Beton 
Box.  VII.  Masonry — Draw  Protec- 
tion— -False  Works  between  Piers  3 
and  4.  VIII.  Floating  Derricks. 

IX.  General  Elevation — 170  feet  span. 

X.  243  feet  span.   XL  Plans  of  Draw. 
XII.  Strain  Diagrams. 
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Clarke's   Qnincy  Bridge. 

4to.    Cloth.     $7.50. 

DESCRIPTION  OF  THE  IRON  RAILWAY  Bridge  across  the 
Mississippi  River  at  Quincy,  Illinois.  By  THOMAS  CURTIS  CLARKE, 
Chief  Engineer.  Illustrated  with  •  twenty-one  lithographed 
plans. 

Illustrations. 


PLATES. — General  Plan  of  Missis- 
sippi River  at  Quincy,  showing  loca- 
tion of  Bridge.  lid.  General  Sections 
of  Mississippi  River  at  Quincy,  show- 
ing location  of  Bridge.  114.  General 
Sections  of  Mississippi  River  at  Quin- 
cy, showing  location  of  Bridge.  III. 
General  Sections  of  Mississippi  River 
at  Quincy,  showing  location  of  Bridge. 
IV.  Plans  of  Masonry.  V.  Diagram 
of  Spans,  showing  the  Dimensions, 
Arrangement  of  Panels,  etc.  VI.  Two 
hundred  and  fifty  feet  span,  and  de- 
tails. VII.  Three  hundred  and  sixty 
foot  Pivot  Draw.  VIII.  Details  of 
three  hundred  and  sixty  feet  Draw. 
IX.  Ice- I  ireakers.  Foundations  of  Piers 
and  Abutments,  Water  Table,  and 


Curve  of  Deflections.  X.  Founda- 
tions of  Pier  2,  in  Process  of  Con- 
struction. XI.  Foundations  of  Pier 
3,  and  its  Protection.  XII.  Founda- 
tions of  Pier  3,  in  Process  of  Construc- 
tion, and  Steam  Dredge.  XIII.  Foun- 
dations of  Piers  5  to  18,  in  Process 
of  Construction.  XIV.  False  Works, 
showing  Process  of  Handling  and  Set- 
ting Stone.  XV.  False  Works  for 
Raising  Iron  Work  of  Superstructure. 
XVI.  Steam  Dredge  used  in  Founda- 
tions 9  to  18.  XVII.  Single  Bucket 
Dredge  used  in  Foundations  of  Bay 
Piers.  XVIII.  Saws  used  for  Cut- 
ting Piles  under  water.  XIX.  Sand 
Pump  and  Concrete  Box.  XX  Ma- 
sonry Travelling  Crane. 


Whlpple  on  Bridge  Building. 

8vo,  Illustrated.     Cloth.     $4.00. 

AN  ELEMENTARY  AND  PRACTICAL  TREATISE  ON 
BRIDGE  BUILDING.  An  enlarged  and  improved  edition  of 
the  Author's  original  work.  By  S.  WHIPPLE,  C.  E.,  Inventor  of 
the  Whipple  Bridges,  &c. 

The  design  has  been  to  develop  from  Fundamental  Principles  a  system  easy 
of  comprehension,  and  such  as  to  enable  the  attentive  reader  and  student  to 
judge  understandingly  for  himself,  as  to  the  relative  merits  of  different  plans 
and  combinations,  and  to  adopt  for  use  such  as  may  be  most  suitable  for  the 
cases  he  may  have  to  deal  with. 

It  is  hoped  the  work  may  prove  an  appropriate  Text-Book  upon  the  subject 
treated  of,  for  the  Engineering  Student,  and  a  useful  manual  for  the  Practic- 
ing Engineer  and  Bridge  Builder. 
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Stoney  on  Strains. 

New  and  Revised  Edition,  wtth  numerous  illustrations. 

8vo.  In  press.  $15.00. 

THE  THEORY  OF  STRAINS  IN  GIRDERS  and  Similar  Struc- 
tures, with  Observations  on  the  Application  of  Theory  to  Practice, 
and  Tables  of  Strength  and  other  Properties  of  Materials.  By 
BINDKN  B.  STONEY,  B.  A. 


Roebling's  Bridges. 

Imperial  folio.     Cloth.     $25.00. 

LONG  AND  SHORT  SPAN  RAILWAY  BRIDGES.  By  JOHN 
A.  ROEBLING,  0.  E.  Illustrated  with  large  copperplate  engrav- 
ings of  plans  and  views. 

List  of  Plates 

1.  Parabolic  Truss  Railway  Bridge.  2,  8,  4,  5,  6.  Details  of  Parabolic 
Truss,  with  centre  span  500  feet  in  the  clear.  7.  Plan  and  View  of  a  Bridge 
over  the  Mississippi  Elver,  at  St.  Louis,  for  railway  and  common  travel.  8,  9, 
10,  11,  12.  Details  and  View  of  St.  Louis  Bridge.  13.  Railroad  Bridge  over 
the  Ohio.  

Diedrichs'  Theory  of  Strains. 

8vo.     Cloth.     $5.00. 

A  Compendium  for  the  Calculation  and  Construction  of  Bridges, 
Roofs,  and  Cranes,  with  the  Application  of  Trigonometrical 
Notes.  Containing  the  most  comprehensive  information  in  re- 
gard to  the  Resulting  Strains  for  a  permanent  —  t  Load,  as  also 
for  a  combined  (Permanent  and  Rolling)  Load.  In  two  sections, 
adapted  to  the  requirements  of  the  present  time.  By  JOHN  DIED- 
KICUS.  Illustrated  by  numerous  plates  and  diagrams. 

"  The  want  of  a  compact,  universal  and  popular  treatise  on  the  Construc- 
tion of  Roofs  and  Bridges— especially  one  treating  of  the  influence  of  a  varia- 
ble load— and  the  unsatisfactory  essays  of  different  authors  on  the  subject, 
induced  me  to  prepare  this  work." 
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Whilden's  Strength  of  Materials. 

12rao.     Cloth.     $2.00. 

ON  THE  STRENGTH  OF  MATERIALS  used  in  Engineering 
Construction.     By  J.  K.  WHILDEN. 


Campin  on  Iron  Roofs. 

Large  8vo.     Cloth.     $3.00. 

ON  THE  CONSTRUCTION  OF  IR'ON  ROOFS.  A  Theoretical 
and  Practical  Treatise.  By  FEANCIS  CAMPIN.  With  wood-cuts 
and  plates  of  Roofs  lately  executed. 

"  The  mathematical  formulas  are  of  an  elementary  kind,  and  the  process 
admits  of  an  easy  extension  so  as  to  embrace  the  prominent  varieties  of  iron 
truss  bridges.  The  treatise,  though  of  a  practical  scientific  character,  may  be 
easily  mastered  by  any  one  familiar  with  elementary  mechanics  and  plane 
trigonometry." 

Holley's  Railway  Practice. 

1  vol.  folio.     Cloth.     $12.00. 

AMERICAN  AND  EUROPEAN  RAILWAY  PRACTICE,  in 
the  Economical  Generation  of  Steam,  including  the  materials 
and  construction  of  Coal-burning  Boilers,  Combustion,  the  Varia- 
ble Blast,  Vaporization,  Circulation,  Super-heating,  Supplying 
and  Heating  Feed-water,  &c.,  and  the  adaptation  of  Wood  and 
Coke-burning  Engines  to  Coal-burning  ;  and  in  Permanent  Way, 
including  Road-bed,  Sleepers,  Rails,  Joint  Fastenings,  Street 
Railways,  &c.,  &c.  By  ALEXANDEK  L.  HOLLET,  B.  P.  With  77 
lithographed  plates. 

"  This  is  an  elaborate  treatise  by  one  of  our  ablest  civil  engineers,  on  the  con- 
struction and  use  of  locomotives,  with  a  few  chapters  on  the  building  of  Rail- 
rotxis.  *  *  *  All  these  subjects  are  treated  by  the  author,  who  is  a 
first-class  railroad  engineer,  in  both  an  intelligent  and  intelligible  manner.  The 
facts  and  ideas  are  well  arranged,  and  presented  in  a  clear  and  simple  style, 
accompanied  by  beautiful  engravings,  and  we  presume  the  work  will  be  regard- 
ed as  indispensable  by  all  who  are  interested  in  a  knowledge  of  the  construc- 
tion of  railroads  and  rolling  stock,  or  the  working  of  locomotives." — Scientific 
American. 
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Henrici's  Skeleton  Structures. 

8vo.     Cloth.     $3.00. 

SKELETON  STRUCTUEES,  especially  in  their  Application  to 
the  building  of  Steel  and  Iron  Bridges.  By  OLAUS  HBNEICI. 
With  folding  plates  and  diagrams. 

By  presenting  these  general  examinations  on  Skeleton  Structures,  with 
particular  application  for  Suspended  Bridges,  to  Engineers,  I  venture  to  ex- 
press the  hope  that  they  will  receive  these  theoretical  results  with  some  confi- 
dence, even  although  an  opportunity  is  wanting  to  compare  them  with  practi- 
cal results.  O.  H. 


Useful  Information  for  Railway  Men. 

Pocket  form.     Morocco,  gilt,  $2.00. 

Compiled  by  W.  G.  HAMILTON,  Engineer.     Third  edition,  revised 
and  enlarged.     570  pages. 

"  It  embodies  many  valuable  formulae  and  recipes  useful  for  railway  men, 
and,  indeed,  for  almost  every  class  of  persons  in  the  world.  The  '  informa- 
tion '  comprises  some  valuable  formula)  and  rules  for  the  construction  of 
boilers  and  engines,  masonry,  properties  of  steel  and  iron,  and  the  strength 
of  materials  generally." — Railroad  Gazette,  Chicago. 


Brooklyn  "Water  "Works. 

1  vol.  folio.     Cloth.     $20.00. 

A  DESCEIPTIVE  ACCOUNT  OF  THE  CONSTEUCTION  OF 
THE  WORKS,  and  also  Eeports  on  the  Brooklyn,  Hartford, 
Belleville,  and  Cambridge  Pumping  Engines.  Prepared  and 
printed  by  order  of  the  Board  of  Water  Commissioners.  With 
59  illustrations. 

CONTESTS.— Supply  Ponds— The  Conduit -Kidgewood  Engine  House  and 
Pump  Well— Ridgewood  Engines— Force  Mains— Ridgewood  Reservoir- 
Pipe  Distribution— Mount  Prospect  Reservoir— Mount  Prospect  Engine 
House  and  Engine — Drainage  Grounds — Sewerage  Works — Appendix. 
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Kirkwood  on  Filtration. 

4to.    Cloth.    $15.00. 

REPORT  ON  THE  FILTBATION  OF  RIVER  WATERS,  for 
the  Supply  of  Cities,  as  practised  in  Europe,  made  to  the  Board 
of  Water  "Commissioners  of  the  City  of  St.  Louis.  By  JAMES  P. 
KIRKWOOD.  Illustrated  by  30  double-plate  engravings. 

CONTENTS. — Report  on  Filtration — London  Works,  General — Chelsea 
Water  Works  and  Filters— Lambeth  Water  Works  and  Filters— Southwark 
and  Vauxhall  Water  Works  and  Filters — Grand  Junction  Water  Works  and 
Filters— West  Middlesex  Water  Works  and  Filters— New  River  Water 
Works  and  Filters — East  London  AVater  Works  and  Filters — Leicester  Water 
Works  and  Filters— York  Water  Works  and  Filters— Liverpool  Water  Works 
and  Filters— Edinburgh  Water  Works  and  Filters— Dublin  Water  Works 
and  Filters— Perth  Water  Works  and  Filtering  Gallery— Berlin  Water 
Works  and  Filters — Hamburg  AVater  Works  and  Reservoirs — Altona  Water 
Works  and  Filters — Tours  AVater  Works  and  Filtering  Canal — Angers  Water 
Works  and  Filtering  Galleries — Nantes  Water  Works  and  Filters — Lyons 
Water  Works  and  Filtering  Galleries — Toulouse  Water  Works  and  Filtering 
Galleries — Marseilles  Water  Works  and  Filters — Genoa  Water  Works  and 
Filtering  Galleries — Leghorn  Water  Works  and  Cisterns — Wakefield  Water 
Works  and  Filters — Appendix. 


Tanner  on  Roll-Turning. 

1  vol.  8vo.  and  1  vol.  plates.     $10.00. 

A  TREATISE  ON  ROLL-TURNING  FOR  THE  MANUFAC- 
TURE OF  IRON.  By  PETER  TUNNER.  Translated  and  adapted. 
By  JOHN  B.  PEARSE,  of  the  Pennsylvania  Steel  Works.  With 
numerous  wood-cuts,  8vo.,  together  with  a  folio  atlas  of  10  litho- 
graphed plates  of  Rolls,  Measurements,  &c. 

"  We  commend  this  book  as  a  clear,  elaborate,  and  practical  treatise  npon 
the  department  of  iron  manufacturing  operations  to  which  it  is  devoted. 
The  writer  states  in  his  preface,  that  for  twenty-five  years  he  has  felt  the 
necessity  of  such  a  work,  and  has  evidently  brought  to  its  preparation  the 
fruits  of  experience,  a  painstaking  regard  for  accuracy  of  statement,  and  a 
desire  to  furnish  information  in  a  style  readily  understood.  The  book  should 
be  in  the  hands  of  every  one  interested,  either  in  the  general  practice  of 
mechanical  engineering,  or  the  special  branch  of  manufacturing  operations  to 
which  the  work  relates.'1 — American  Artisan. 
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Glynn  on  the  Power  of  "Water. 

12mo.     Cloth.     $1.00. 

A  TEEATISE  ON  THE  POWER  OF  WATER,  as  applied  to 
drive  Flour  Mills,  and  to  give  motion  to  Turbines  and  other 
Hydrostatic  Engines.  By  JOSEPH  GLYNN,  F.R.  S.  Third  edition, 
revised  and  enlarged,  with  numerous  illustrations. 


Hewson  on  Embankments. 

8  TO.    Cloth.    $3.00. 

PRINCIPLES  AND  PRACTICE  OF  EMBANKING  LANDS 
from  River  Floods,  as  applied  to  the  Levees  of  the  Mississippi. 
By  WILLIAM  HEWSON,  Civil  Engineer. 

"  This  is  a  valuable  treatise  on  the  principles  and  practice  of  embanking 
lands  from  river  floods,  as  applied  to  the  Levees  of  the  Mississippi,  by  a  highly 
intelligent  and  experienced  engineer.  The  author  says  it  is  a  first  attempt 
to  reduce  to  order  and  to  rule  the  design,  execution,  and  measurement  of  the 
Levees  of  the  Mississippi.  It  is  a  most  useful  and  needed  contribution  to 
scientific  literature. — Philadelphia  Evening  Journal. 


G-riiner  on  Steel. 


8vo.  Cloth.     $3.50. 

THE  MANUFACTURE  OF  STEEL.  By  M.  L.  GRTOER,  trans- 
lated from  the  French.  By  Lenox  Smith,  A.  M.,  E.  M.,  with  an 
appendix  on  the  Bessemer  Process  in  the  United  States,  by  the 
translator.  Illustrated  by  lithographed  drawings  and  wood-cuts. 

"  The  purpose  of  the  work  is  to  present  a  careful,  elaborate,  and  at  the 
same  time  practical  examination  into  the  physical  properties  of  steel,  as  well 
as  a  description  of  the  new  processes  and  mechanical  appliances  for  its  manufac- 
ture. The  information  which  it  contains,  gathered  from  many  trustworthy 
sources,  will  be  found  of  much  value  to  the  American  steel  manufacturer, 
who  may  thus  acquaint  himself  with  the  results  of  careful  and  elaborate  ex- 
periments in  other  countries,  and  better  prepare  himself  for  successful  com- 
petition in  this  important  industry  with  foreign  makers.  The  fact  that  this 
volume  is  from  the  pen  of  one  of  the  ablest  metallurgists  of  the  present  day, 
cannot  fail,  we  think,  to  secure  for  it  a  favorable  consideration. — Iron  Age. 
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Bauerman  on  Iron. 

12mo.  Cloth.     $2.00. 

TEEATISE  ON  THE  METALLUEGY  OF  IEON.  Contain- 
ing outlines  of  the  History  of  Iron  Manufacture,  methods  of 
Essay,  and  analysis  of  Iron  Ores,  processes  of  manufacture  of 
Iron  and  Steel,  etc.,  etc.  By  H.  BAUEEMAN.  First  American 
edition.  Eevised  and  enlarged,  with  an  appendix  on  the  Martin 
Process  for  making  Steel,  from  the  report  of  Abram  S.  Hewitt. 
Illustrated  with  numerous  wood  engravings. 

"  This  is  an  important  addition  to  the  stock  of  technical  works  published  in 
this  country.  It  embodies  the  latest  facts,  discoveries,  and  processes  con- 
nected with  the  manufacture  of  iron  and  steel,  and  should  be  in  the  hands  of 
every  person,  interested  in  the  subject,  as  well  as  in  all  technical  and  scientific 
libraries." — Scientific  American. 


Auchincloss  on  the  Slide  Valve. 

8vo.  Cloth.    $3.00. 

APPLICATION  OF  THE  SLIDE  VALVE  and  Link  Motion  to 
Stationary,  Portable,  Locomotive  and  Marine  Engines,  with  new 
and  simple  methods  for  proportioning  the  parts.  By  WILLIAM 
S.  AUCHINCLOSS,  Civil  and  Mechanical  Engineer.  Designed  as 
a  hand-book  for  Mechanical  Engineers,  Master  Mechanics, 
Draughtsmen  and  Students  of  Stoam  Engineering.  All  dimen- 
sions of  the  valve  are  found  with  the  greatest  ease  by  means  of 
a  Printed  Scale,  and  proportions  of  the  link  determined  without 
the  assistance  of  a  model.  Illustrated  by  37  wood-cuts  and  21 
lithographic  plates,  together  with  a  copperplate  engraving  of  the 
Travel  Scale. 

All  the  matters  we  have  mentioned  are  treated  with  a  clearness  and  absence 
of  unnecessary  verbiage  which  renders  the  work  a  peculiarly  valuable  one. 
The  Travel  Scale  only  requires  to  bo  known  to  be  appreciated.  Mr.  A.  writes 
so  ably  on  his  subject,  we  wish  he  had  written  more.  London  En- 
gineering. 

We  have  never  opened  a  work  relating  to  steam  which  seemed  to  us  better 
calculated  to  give  an  intelligent  mind  a  clear  understanding  of  the  depart- 
ment it  discusses. — Scientific  American. 
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Slide  Valve  by  Eccentrics,  by  Prof. 
O.  W.  MacCord. 

4to.  Illustrated.     Cloth,  $ 

A  PRACTICAL  TEEATISE  ON  THE  SLIDE  VALVE  BY 

ECCENTRICS,  examining  by  methods,  the  action  of  the  Eccen- 
tric upon  the  Slide  Valve,  and  explaining  the  practical  proces- 
ses of  laying  out  the  movements,  adapting  the  valve  for  its 
various  duties  in  the  steam-engine.  For  the  use  of  Engineers, 
'  Draughtsmen,  Machinists,  and  Students  of  valve  motions  in 
general.  By  C.  \V.  MACCORD,  A.  M.,  Professor  of  Mechanical 
Drawing,  Stevens'  Institute  of  Technology,  Hoboken,  N  J. 


Stillman's  Steam-Engine  Indicator. 

12mo.  Cloth.    $1.00. 

THE  STEAM-ENGINE  INDICATOR,  and  the  Improved  Mano- 
meter Steam  and  Vacuum  Gauges ;  their  utility  and  application 
By  PAUL  STILLMAN.  New  edition. 


Bacon's  Steam-Engine  Indicator. 

12mo.  Cloth.     $1.00.     Mor.     $1.50. 

A  TREATISE  ON  THE  RICHARDS  STEAM-ENGINE  IN- 
DICATOR, with  directions  for  its  use.  By  CHARLES  T.  PORTER. 
Revised,  with  notes  and  large  additions  as  developed  by  Amer- 
ican Practice,  with  an  Appendix  containing  useful  formulae  and 
rules  for  Engineers.  By  F.  W.  BACON,  M.  E.,  Member  of  the 
American  Society  of  Civil  Engineers.  Illustrated. 

In  this  work,  Mr.  Porter's  book  has  been  taken  as  the  basis,  but  Mr.  Bacon 
has  adapted  it  to  American  Practice,  and  has  conferred  a  great  boon  on 
American  Engineers. — Artisan. 


Bartol  on  Marine  Boilers. 

8yo.  Cloth.     $1.50. 

TREATISE  ON  THE  MARINE  BOILERS  OF  THE  UNITED 
STATES.     By  H.  H.  BARTOL.     Illustrated. 
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G-illmore's  Limes  and  Cements. 

Fourth  Edition.    Jlevlse-l  and  Enlargd. 

8vo.     Cloth.     $4.00. 

PEACTICAL  TREATISE  ON  LIMES,  HYDRAULIC  CE- 
MENTS, AND  MORTARS.  Papers- on  Practical  Engineering, 
IT.  S.  Engineer  Department,  No.  9,  containing  Reports  of 
numerous  experiments  conducted  in  New  York  City,  during  the 
years  1858  to  1861,  inclusive.  By  Q.  A.  GILLMOKE,  Brig-General 
TJ.  S.  Volunteers,  and  Major  U.  S.  Corps  of  Engineers.  With 
numerous  illustrations. 

"  This  work  contains  a  record  of  certain  experiments  and  researches  made  • 
under  the  authority  of  the  Engineer  Bureau  of  the  War  Department  from 
1858  to  1861,  upon  the  various  hydraulic  cements  of  the  United  States,  and 
the  materials  for  their  manufacture.     The  experiments  were  carefully  made, 
and  are  well  reported  and  compiled. ' — Journal  Franklin  Institute. 


G-illmore's  Ooignet  Beton. 

8vo.     Cloth.     $2.50. 

COIGNET   BETON  AND  OTHER  ARTIFICIAL  STONE.     By 
Q.  A.  GnxMOBE.     9  Plates,  Views,  etc. 

This  work  describes  with  considerable  minuteness  of  detail  the  several  kinds 
of  artificial  stone  in  most  general  use  in  Europe  and  now  beginning  to  bo 
introduced  in  the  United  States,  discusses  their  properties,  relative  merits, 

and  cost,  and  describes  the  materials  of  which  they  are  composed 

The  subject  is  one  of  special  and  growing  interest,  and  we  commend  the  work, 
embodying  as  it  does  the  matured  opinions  of  an  experienced  engineer  and 
expert. 


"Williamson's  Practical  Tables. 

4to.     Flexible  Cloth.     $2.50. 

PRACTICAL  TABLES  IN  METEOROLOGY  AND  HYPSO- 
METRY,  in  connection  with  the  use  of  the  Barometer.  By  Col. 
R.  S.  WILLIAMSOM,  U.  S.  A. 


14 


SCIENTIFIC  HOOKS  PUBLISHED  BY 


Williamson  on  the  Barometer. 

4to.     Cloth.     $15.00. 

ON  THE  USE  OF  THE  BAEOMETEE  ON  SUEVEYS  AND 
EECONNAISSANCES.  Part  I.  Meteorology  in  its  Connec- 
tion with.  Hypsometry.  Part  II.  Barometric  Hypsometry.  By 
E.  S.  WIIXIAMSON,  Bvt.  Lieut.-Col.  U.  S.  A.,  Major  Corps  of 
Engineers.  With  Illustrative  Tables  and  Engravings.  Paper 
No.  15,  Professional  Papers,  Corps  of  Engineers. 

"  SAN  FRANCISCO,  CAL.,  Feb.  27,  1867. 
"  Gen.  A.  A.  HUMPHREYS,  Chief  of  Engineers,  U.  S.  Army  : 

"  GENERAL, — I  have  the  honor  to  submit  to  you,  in  the  following  pages,  the 
results  of  my  investigations  in  meteorology  and  hypsometry,  made  with  the 
view  of  ascertaining  how  far  the  barometer  can  be  used  as  a  reliable  instru- 
ment for  determining  altitudes  on  extended  lines  of  survey  and  reconnais- 
sances. These  investigations  have  occupied  the  leisure  permitted  me  from  my 
professional  duties  during  the  last  ten  years,  and  I  hope  the  results  will  be 
deemed  of  sufficient  value  to  have  a  place  assigned  them  among  the  printed 
professional  papers  of  the  United  States  Corps  of  Engineers. 
"  Very  respectfully,  your  obedient  servant, 

"R.  S.  "WILLIAMSON, 
"  Bvt.  Lt.-Col.  U.  S.  A.,  Major  Corps  of  U.  S.  Engineers." 


Von  Cotta's  Ore  Deposits. 

8vo.     Cloth.     $4.00. 

TEEATISE  ON  OEE  DEPOSITS.  By  BERNHAED  VON  GOTTA, 
Professor  of  Geology  in  the  Eoyal  School  of  Mines,  Freidberg, 
Saxony;  Translated  from  the  second  German  edition,  by 
FREDERICK  PRIME,  Jr.,  Mining  Engineer,  and  revised  by  the 
author,  with  numerous  illustrations. 

"  Prof.  Von  Cotta  of  the  Freiberg  School  of  Mines,  is  the  author  of  the 
best  modern  treatise  on  ore  deposits,  and  we  are  heartily  glad  that  this  ad- 
mirable work  has  been  translated  and  published  in  this  country.  The  trans- 
lator, Mr.  Frederick  Prime,  Jr.,  a  graduate  of  Freiberg,  has  had  in  his  work 
the  great  advantage  of  a  revision  by  the  author  himself,  who  declares  in  a 
prefatory  note  that  this  may  be  considered  as  a  new  edition  (the  third)  of  his 
own  book. 

"  It  is  a  timely  and  welcome  contribution  to  the  literature  of  mining  in 
this  country,  and  we  are  grateful  to  the  translator  for  his  enterprise  and  good 
judgment  in  undertaking  its  preparation ;  while  we  recognize  with  equal  cor- 
diality the  liberality  of  the  author  in  granting  both  permission  and  assist- 
.  ance." — Extract  from  Review  in  Engineering  and  Mining  Journal. 
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Plattner's  Blow-Pipe  Analysis. 

Second  edition.    Revised.    8vo.     Cloth.    $7.50. 

PLATTNER'S  MANUAL  OF  QUALITATIVE  AND  QUAN- 
TITATIVE ANALYSIS  WITH  THE  BLOW-PIPE.  From 
the  last  German  oditioa  Revised  and  enlarged.  By  Prof.  Til. 
RICIITER,  of  the  Royal  Saxon  Mining  Academy.  Translated  by 
Prof.  H.  B.  CORNWALL,  Assistant  in  the  Columbia  School  of 
Mines,  New  York ;  assisted  by  JOHN  H.  CASWELL.  Illustrated 
with  eighty-seven  wood-cuts  and  one  Lithographic  Plate.  560 
pages. 

"  Plattner's  celebrated  -work  has  long  been  recognized  as  the  only  complete 
book  on  Blow-Pipe  Analysis.  The  fourth  German  edition,  edited  by  Prof. 
Richter,  fully  sustains  the  reputation  which  the  earlier  editions  acquired  dur- 
ing the  lifetime  of  the  author,  and  it  is  a  source  of  great  satisfaction  to  us  to 
know  that  Prof.  Richter  has  co-operated  with  the  translator  in  issuing  the 
American  edition  of  the  work,  which  is  in  fact  a  fifth  edition  of  the  original 
work,  being  far  more  complete  than  the  last  German  edition." — Silliman's 
Journal. 

There  is  nothing  so  complete  to  be  found  in  tho  English  language:  Platt- 
ner's book  is  not  a  mere  pocket  edition  ;  it  is  iatended  as  a  comprehensive  guide 
to  all  that  is  at  present  known  on  the  blow-pipe,  and  as  such  is  really  indis- 
pensable to  teachers  and  advanced  pupils. 

"  Mr.  Cornwall's  edition  is  something  more  than  a  translation,  as  it  contains 
many  corrections,  emendations  and  additions  not  to  be  found  in  the  original. 
It  is  a  decided  improvement  on  the  work  in  it*  German  dress." — Journal  of 
Applied  Chemistry. 


Egleston's  Mineralogy. 

8vo.    Illustrated  with  34  Lithographic  Plates.     Cloth.     $4.50. 

LECTUEES  ON  DESCRIPTIVE  MINERALOGY,  Delivered 
at  the  School  of  Mines,  Columbia  College.  Br  PROFESSOR  T. 
EGLESTOX. 

These  lectures  are  what  their  title  indicates,  the  lectures  on  Mineraloiry 
delivered  at  the  School  of  Mines  of  Columbia  College.  They  have  been 
printed  for  the  students,  i:i  order  that  more  time  might  be  given  to  the  vari- 
ous methods  of  examining  and  determining  minerals.  The  second  part  has 
only  been  printed.  The  first  part,  comprising  crystallography  and  physical 
mineralogy,  will  bo  printed  at  some  future  time. 


16 


SCIENTIFIC  BOOKS  PUBLISHED  BY 


Pynchon's  Chemical  Physics. 

New  Edition.    Revised  and  Enlarged. 

Crown  8vo.     Cloth.     $3.00. 

INTRODUCTION  TO  CHEMICAL  PHYSICS,  Designed  for  the 
Use  of  Academies,  Colleges,  and  High.  Schools.  Illustrated  with 
numerous  engravings,  and  containing  copious  experiments  with 
directions  for  preparing  them.  By  THOMAS  RUGGLES  PYNCHON, 
M.A.,  Professor  of  Chemistry  and  the  Natural  Sciences,  Trinity 
College,  Hartford. 

Hitherto,  no  work  suitable  for  general  use,  treating  of  all  these  subjects 
within  the  limits  of  a  single  volume,  could  be  found ;  consequently  the  atten- 
tion they  have  received  has  not  been  at  all  proportionate  to  their  importance. 
It  is  believed  that  a  book  containing  so  much  valuable  information  within  so 
small  a  compass,  cannot  fail  to  meet  with  a  ready  sale  among  all  intelligent 
persons,  while  Professional  men,  Physicians,  Medical  Students,  Photograph- 
ers, Telegraphers,  Engineers,  and  Artisans  generally,  will  find  it  specially 
valuable,  if  not  nearly  indispensable,  as  a  book  of  reference. 

"  We  strongly  recommend  this  able  treatise  to  our  readers  as  the  first 
work  ever  published  on  the  subject  free  from  perplexing  technicalities.  In 
style  it  is  pure,  in  description  graphic,  and  its  typographical  appearance  is 
artistic.  It  is  altogether  a  most  excellent  work."— Eclectic  Medical  Journal. 

<;  It  treats  fully  of  Photography,  Telegraphy,  Steam  Engines,  and  the 
various  applications  of  Electricity.  In  short,  it  is  a  carefully  prepared 
volume,  abreast  with  the  latest  scientific  discoveries  and  inventions.'' — Hart- 
ford Courant. 

Plympton's  Blow-Pipe  Analysis. 

12mo.     Cloth.     $2.00. 

THE  BLOW-PIPE  :  A  System  of  Instruction  in  its  practical  use 
being  a  graduated  course  of  Analysis  for  the  use  of  students, 
and  all  those  engaged  in  the  Examination  of  Metallic  Combina- 
tions. Second  edition,  with  an  appendix  and  a  copious  index. 
By  GEOBGE  W.  PLYMPTON,  of  the  Polytechnic  Institute,  Brooklyn. 

"  This  manual  probably  has  no  superior  in  the  English  language  as  a  text- 
book for  beginners,  or  as  a  guide  to  the  student  working  without  a  teacher. 
To  the  latter  many  illustrations  of  the  utensils  and  apparatus  required  in 
using  the  blow-pipe,  as  well  as  the  fully  illustrated  description  of  the  blow- 
pipe flame,  will  be  especially  serviceable."— New  York  Teacher. 
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lire's  Dictionary. 


Sixth  Edition. 

London,  1872. 
3  vols.     8vo.     Cloth,  |25.00.     Half  Russia,  $37.50. 

DICTIONABY  OF  AETS,  MANUFACTURES,  AND  MINES. 
By  ANDREW  UBE,  M.D.  Sixth,  edition.  Edited  by  ROBEBT  HUNT, 
F.R.S.,  greatly  enlarged  and  rewritten. 


Brande  and  Cox's  Dictionary. 

New  Edition. 

London,  1872. 
3  vols.     8vo.    Cloth,  $20.00.    Half  Morocco,  $27.50. 

A  Dictionary  of  Science,  Literature,  and  Art.     Edited  by  W.  T. 
BBANDE  and  Rev.  GEO.  W.  Cox.     New  and  enlarged  edition. 


Watt's  Dictionary  of  Chemistry. 

Supplementary  Volume. 

8vo.    Cloth.     $9.00. 

This  volume  brings  the  Record  of  Chemical  Discovery  down  to  the  end  of 
the  year  1860,  including  also  several  additions  to,  and  corrections  of,  former 
results  which  have  appeared  in  1870  and  1871. 

%*  Complete  Sets  of  the  Work,  New  and  Revised  edition,  including  above 
supplement.  6  vols.  8vo.  Cloth.  $62.00. 


Rammelsberg's  Chemical  Analysis. 

8vo.     Cloth.     $2.25. 

GUIDE  TO  A  COURSE  OF  QUANTITATIVE  CHEMICAL 
ANALYSIS,  ESPECIALLY  OF  MINERALS  AND  FUR- 
NACE PRODUCTS.  Illustrated  by  Examples.  By  C.  F. 
RAMMELSBEKG.  Translated  by  J.  TOWLEB,  M.D. 

This  work  has  been  translated,  and  is  now  published  expressly  for  thoee 
students  in  chemistry  whose  time  and  other  studies  in  colleges  do  not  permit 
them  to  enter  upon  the  more  elaborate  and  expensive  treatises  of  Fresenius 
and  others.  It  is  the  condensed  labor  of  a  master  in  chemistry  and  of  a  prac- 
tical analyst. 
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Eliot  and  Storer's  Qualitative 
Chemical  Analysis. 

New  Edition,  Revised. 

12mo.     Illustrated.     Cloth.     $1.50. 

A  COMPENDIOUS  MANUAL  OF  QUALITATIVE  CHEMI- 
CAL ANALYSIS.  By  CHAHLES  W.  ELIOT  and  FRANK  H.  STOKER. 
Kevised  with,  the  Cooperation  of  the  Authors,  by  WILLIAM  EIP- 
LEY  NICHOLS,  Professor  of  Chemistry  in  the  Massachusetts  Insti- 
tute of  Technology. 

"  This  Manual  has  great  merits  as  a  practical  introduction  to  the  science 
and  the  art  of  which  it  treats.  It  contains  enough  of  the  theory  and  practice 
of  qualitative  analysis,  "  in  the  wet  way, '  to  bring  out  all  the  reasoning  in- 
volved in  the  science,  and  to  present  clearly  to  the  student  the  most  approved 
methods  of  the  art.  It  is  specially  adapted  for  exercises  and  experiments  in 
the  laboratory ;  and  yet  its  classifications  and  manner  of  treatment  are  so 
systematic  and  logical  throughout,  as  to  adapt  it  in  a  high  degree  to  that 
higher  class  of  students  generally  who  desire  an  accurate  knowledge  of  the 
practical  methods  of  arriving  at  scientific  facts." — Luilieran  Observer. 

"  We  wish  every  academical  class  in  the  land  could  have  the  benefit  of  the 
fifty  exercises  of  two  hours  each  necessary  to  master  this  book.  Chemistry 
would  cease  to  be  a  mere  matter  of  memory,  and  become  a  pleasant  experi- 
mental and  intellectual  recreation.  We  heartily  commend  this  little  volume 
to  the  notice  of  those  teachers  who  believe  in  using  the  sciences  as  means  of 
mental  discipline." — College  Courant. 


Craig's  Decimal  System. 

Square    32mo.     Limp.     50e. 

WEIGHTS  AND  MEASUEES.  An  Account  of  the  Decimal 
System,  with  Tables  of  Conversion  for  Commercial  and  Scientific 
Uses.  By  B.  F.  CBAIG,  M.  D. 

"  The  most  lucid,  accurate,  and  useful  of  all  the  hand-books  on  this  subject 
that  we  have  yet  seen.  It  gives  forty-seven  tables  of  comparison  between  the 
English  and  French  denominations  of  length,  area,  capacity;  weight,  and  the 
Centigrade  and  Fahrenheit  thermometers,  with  clear  instructions  how  to  use 
them ;  and  to  this  practical  portion,  which  helps  to  make  the  transition  as 
easy  as  possible,  is  prefixed  a  scientific  explanation  of  the  errors  in  the  metric 
system,  and  how  they  may  be  corrected  in  the  laboratory." — Nation. 
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Nugent  on  Optics. 

12mo.     Cloth.     $2.00 

TBEATISE  ON  OPTICS;  or,  Light  and  Sight,  theoretically  and 
practically  treated  ;  with  the  application  to  Pine  Art  and  Indus- 
trial Pursuits.  By  E.  NUGENT.  With  one  hundred  and  three 
illustrations. 

"  This  book  is  of  a  practical  rather  than  a  theoretical  kind,  and  is  de- 
signed to  afford  accurate  and  complete  information  to  all  interested  in  appli- 
cations of  the  science." — Round  Table. 


Barnard's  Metric  System. 

8vo.     Brown  cloth.     $3.00. 

THE   METRIC  SYSTEM  OF  WEIGHTS   AND  MEASUEES. 

An  Address  delivered  before  the  Convocation  of  the  University  of 
the  State  of  New  York,  at  Albany,  August,  1871.  By  FKEDERICK 
A.  P.  BARNAKD,  President  of  Columbia  College,  New  York  City. 
Second  edition  from  the  Revised  edition  printed  for  the  Trustees 
of  Columbia  College.  Tinted  paper. 

"  It  is  the  best  summary  of  the  arguments  in  favor  of  the  metric  weights 
and  measures  with  which  we  are  acquainted,  not  only  because  it  contains  in 
small  space  the  leading  facts  of  the  case,  but  because  it  puts  the  advocacy  of 
that  system  on  the  only  tenable  grounds,  namely,  the  great  convenience  of  a 
decimal  notation  of  weight  and  measure  as  well  as  money,  the  value  of  inter- 
national uniformity  in  the  matter,  and  the  fact  that  this  metric  system  is 
adopted  and  in  general  use  by  the  majority  of  civilized  nations." — The  Nation. 


The  Young  Mechanic. 

Illustrated.     12mo.     Cloth.     $1.75. 

THE  YOUNG  MECHANIC.  Containing  directions  for  the  use 
of  all  kinds  of  tools,  and  for  the  construction  of  steam  engines 
and  mechanical  models,  including  the  Art  of  Turning  in  Wood 
and  Metal.  By  the  author  of  "The  Lathe  and  its  Uses,"  etc 
From  the  English  edition,  with  corrections. 
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Harrison's  Mechanic's  Tool-Book. 

12mo.     Cloth.     $1.50. 

MECHANIC'S  TOOL  BOOK,  with  practical  rules  and  suggestions, 
for  the  use  of  Machinists,  Iron  Workers,  and  others.  By  W.  B. 
HAKBISON,  Associate  Editor  of  the  "  American  Artisan."  Illustra- 
ted with  44  engravings. 

"  This  work  is  specially  adapted  to  meet  the  wants  of  Machinists  and  work- 
ers in  iron  generally.  It  is  made  up  of  the  work-day  experience  of  an  intelli- 
gent and  ingenious  mechanic,  who  had  the  faculty  of  adapting  tools  to  various 
purposes.  The  practicability  of  his  plans  and  suggestions  are  made  apparent 
even  to  the  unpractised  eye  by  a  series  of  well-executed  wood  engravings."— 
Philadelphia  Inquirer. 

Pope's  Modern  Practice  of  the  Elec- 
tric Telegraph. 

Seventh  edition.    8vo.    Cloth     $2.00. 

A  Hand-book  for  Electricians  and  Operators.  By  FUANK  L.  POPE. 
Seventh  edition.  Eevised  and  enlarged,  and  fully  illustrated. 

Extract  from  Letter  of  Prof.  Morse. 

"  I  have  had  time  only  cursorily  .to  examine  its  contents,  but  this  examina- 
tion has  resulted  in  great  gratification,  especially  at  the  fairness  and  unpre- 
judiced tone  of  your  whole  work. 

"  Tour  illustrated  diagrams  are  admirable  and  beautifully  executed. 

"  I  think  all  your  instructions  in  the  use  of  the  telegraph  apparatus  judi- 
cious and  correct,  and  I  most  cordially  wish  you  success." 

Extract  from  Letter  of  Prof.  G.  W.  Hough,  of  the  Dudley  Observatory. 

"  There  is  no  other  work  of  this  kind  in  the  English  language  that  con- 
tains in  so  small  a  compass  so  much  practical  information  in  the  application 
of  galvanic  electricity  to  telegraphy.  It  should  be  in  the  hands  of  every  one 
interested  in  telegraphy,  or  the  use  of  Batteries  for  other  purposes." 


Morse's  Telegraphic  Apparatus. 

Illustrated.     8vo.     Cloth.     $3.00. 

EXAMINATION  OF  THE  TELEGEAPHIC  APPAEATUS 
AND  THE  PEOCESSES  IN  TELEGAPHY.  By  SAMUEL  F. 
B.  MORSE,  LL.D.,  United  States  Commissioner  Paris  Universal 
Exposition,  1867. 


D.  VAN  NO  STRAND. 
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Sabine's  History  of  the  Telegraph. 

12mo.  Cloth.     $1.35. 

HISTORY  AND  PEOGRES8  OF  THE  ELECTRIC  TELE- 
GRAPH, with  Descriptions  of  some  of  the  Apparatus.  By 
ROBERT  SABINE,  C.  E.  Second  edition,  with  additions. 

CONTENTS. — I.  Early  Observations  of  Electrical  Phenomena.  II.  Tele- 
graphs hy  Frietional  Electricity.  III.  Telegraphs  by  Voltaic  Electricity. 
IV.  Telegraphs  by  Electro-Magnetism  and  Magneto-Electricity.  V.  Tele- 
graphs now  in  use.  VI.  Overhead  Lines.  VII.  Submarine  Telegraph  Lines. 
VIII.  Underground  Telegraphs.  IX.  Atmospheric  Electricity. 


Shaffner's  Telegraph  Manual. 

8vo.     Cloth.    $6.50. 

A  COMPLETE  HISTORY  AND  DESCRIPTION  OF  THE 
SEMAPHORIC,  ELECTRIC,  AND  MAGNETIC  TELE- 
GRAPHS OF  EUROPE,  ASIA,  AFRICA,  AND  AMERICA, 
with  625  illustrations.  By  TAL.  P.  SHAFFNER,  of  Kentucky. 
New  edition. 

Culley's  Hand-Book  of  Telegraphy. 

8vo.     Cloth.     $5.00. 
A  HAND-BOOK  OF  PRACTICAL  TELEGRAPHY.      By  R.  S. 

CULLEY,  Engineer  to  the  Electric  and  International  Telegraph 
Company.     Fourth  edition,  revised  and  enlarged. 


Foster's  Submarine  Blasting. 

4to.     Cloth.     $3.50. 

SUBMARINE  BLASTING  in  Boston  Harbor,  Massachusetts — 
Removal  of  Tower  and  Corwin  Rocks.  By  JOHN  G.  FOSTEB, 
Lieutenant-Colonel  of  Engineers,  and  Brevet  Major-General,  U. 
S.  Army.  Illustrated  with  seven  plates. 

LIST  OF  PLATES.— 1.  Sketch  of  the  Narrows,  Boston  Harbor.  2. 
Townsend's  Submarine  Drilling  Machine,  and  Working  Vessel  attending. 
3.  Submarine  Drilling  Machine  employed.  4.  Details  of  Drilling  Machine 
employed.  5.  Cartridges  and  Tamping  used.  6.  Fuses  and  Insulated  Wires 
used.  7.  Portable  Friction  Battery  used. 
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Barnes'  Submarine  Warfare. 

8vo.     Cloth.     $5.00. 

SUBMARINE  WARFAEE,  DEFENSIVE  AND  OFFENSIVE. 
Comprising  a.  full  and  complete  History  of  tlie  Invention  of  the 
Torpedo,  its  employment  in  War  and  results  of  its  use.  De- 
scriptions of  the  various  forms  of  Torpedoes,  Submarine  Batteries 
and  Torpedo  Boats  actually  used  in  War.  Methods  of  Ignition 
by  Machinery,  Contact  Fuzes,  and  Electricity,  and  a  full  account 
.  of  experiments  made  to  determine  the  Explosive  Force  of  Gun- 
powder under  Water.  Also  a  discussion  of  the  Offensive  Torpedo 
system,  its  effect  upon  Iron-Clad  Ship  systems,  and  influence  upon 
Future  Naval  Wars.  By  Lieut-Commander  JOHN  S.  BARXES, 
U.  S.  N.  With  twenty  lithographic  plates  and  many  wood-cuts. 

"  A  book  important  to  military  men,  and  especially  so  to  engineers  and  ar- 
tillerists. It  consists  of  an  examination  of  the  various  offensive  and  defensive 
engines  that  have  been  contrived  for  submarine  hostilities,  including  a  discus- 
sion of  the  torpedo  system,  its  effects  upon  iron-clad  ship-systems,  and  its 
probable  influence  upon  future  naval  wars.  Plates  of  a  valuable  character 
accompany  the  treatise,  which  affords  a  useful  history  of  the  momentous  sub- 
ject it  discusses.  A  great  deal  of  useful  information  is  collected  in  its  pages, 
especially  concerning  the  inventions  of  SCHOLI.  and  VEKD0,  and  of  JONES' 
and  HUNT'S  batteries,  as  well  as  of  other  similar  machines,  and  the  use  in 
submarine  operations  of  gun-cotton  and  nitro-glycerine." — 2f.  T.  Times. 


Randall's  Quartz  Operator's  Hand- 

Book. 

12mo.     Cloth.     $2.00. 

QUAETZ  OPEEATOE'S    HAND-BOOK.     By   P.  M.  EANDALL. 
New  edition,  revised  and  enlarged.     Fully  illustrated. 

The  object  of  tliis  work  has  been  to  present  a  clear  and  comprehensive  ex- 
position of  mineral  veins,  and  the  means  and  modes  chiefly  employed  for  the 
mining  and  working  of  their  ores — more  especially  those  containing  gold  and 
silver. 


1).   VAN  N08T11AND. 


28 


Mitchell's  Manual  of  Assaying. 

8vo.     Cloth.     $10.00. 

A  MANUAL  OF  PRACTICAL  ASSAYING.    By  JOHN  MITCHELL. 
Third  edition.     Edited  by  WILLIAM  CKOOKES,  F.R.S. 

In  this  edition  are  incorporated  all  the  late  important  discoveries  in  Assay- 
ing made  in  this  country  and  abroad,  and  special  care  is  devoted  to  the  very 
important  Volumetric  and  Colorimetric  Assays,  as  well  as  to  the  Blow-Pipe 
Assays. 


Benet's  Chronoscope. 
i 

Second  Edition. 

Illustrated.     4to.     Cloth.     $3.00. 

ELECTEO-BALLISTIC  MACHINES,  and  the  Schultz  Chrono- 
scope.  By  Lieutenant-Colonel  S.  V.  BENET,  Captain  of  Ordnance, 
U.  8.  Army. 

CONTENTS. — 1.  Ballistic  Pendulum.  2.  Gun  Pendulum.  3.  Use  of  Elec- 
tricity. 4.  Navez' Machine.  5.  Vignotti's  Machine,  with  Plates.  6.  Benton's 
Electro-Ballistic  Pendulum,  with  Plates.  7.  Leur's  Tro-Pendulnm  Machine 
8.  Schultz's  Chronoscope,  with  two  Plates. 


Michaelis'  Chronograph. 

4to.     Illustrated.     Cloth.     $3.00. 

THE  LE  BOULENGE  CHRONOGRAPH.  With  three  litho- 
graphed folding  plates  of  illustrations.  By  Brevet  Captain  O  E. 
MICHAELIS,  First  Lieutenant  Ordnance  Corps,  U.  S.  Army. 

'*  The  excellent  monograph  of  Captain  Michaelis  enters  minutely  into  the 
details  of  construction  an'l  management,  and  give*  tables  of  the  times  of  flight 
calculated  upon  a  given  fall  of  the  chronometer  for  all  distances.  Captain 
Michaelis  has  doue  good  service  in  presenting  this  work  to  his  brother  officers, 
describing,  as  it  does,  an  instrument  which  bids  fair  to  be  in  constant  use  in 
our  future  ballistic  experiments.'  — Army  and  Navy  Journal. 


* 
• 
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Silversmith's  Hand-Book. 

Fourth  Edition. 

Illustrated.     12mo.     Cloth.     $3.00. 

A  PEAOTIOAL  HAND-BOOK   FOR   MINERS,    Metallurgists, 
and  Assayers,  comprising  the  most  recent  improvements  in  the 
disintegration,    amalgamation,    smelting,    and    parting   of    the 
Precious   Ores,  with   a   Comprehensive   Digest   of  the   Mining 
Laws.     Greatly  augmented,  revised,  and  corrected.     By  JULIUS 
SILVERSMITH.     Fourth    edition.     Profusely  illustrated.     1    vol. 
12mo.     Cloth.     $3.00. 

One  of  the  most  important  features  of  this  work  is  that  in  which  the 
metallurgy  of  the  precious  metals  is  treated  of.     In  it  the  author  has  endeav- 
ored to  embody  all  the  processes  for  the  reduction  and  manipulation  of  the 
precious  ores  heretofore  successfully  employed  in  Germany,  England,  Mexico, 
and  the  United  States,  together  with  such  as  have  been  more  recently  invented, 
and  not  yet  fully  tested—  all  of  which  are  profusely  illustrated  and  easy  of 
comprehension. 

Simms'  Levelling. 

8ro.     Cloth.     $2.50. 

A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE   OF 
LEVELLING,  showing  its  application  to  purposes  of  Railway 
Engineering  and  the  Construction  of  Roads,  &c.     By  FREDERICK 
W.  SIMMS,  C.  E.  .  From  the  fifth  London  edition,   revised  and 
corrected,  with  the  addition  of  Mr.  Law's  Practical  Examples  for 
Setting  Out  Railway  Curves.     Illustrated  with  three  lithographic 
plates  and  numerous  wood-cuts. 

"  One  of  the  most  important  text-books  for  the  general  surveyor,  and  there 
is  scarcely  a  question  connected  with  levelling  for  which  a  solution  would  be 
sought,  but  that  would  be  satisfactorily  answered  by  consulting  this  volume." 
—  Mining  Journal. 
"  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  col- 
leges." —  Engineers. 
"  The   publishers  have  rendered  a  substantial  service  to  the  profession, 
especially  to  the  younger  members,  by  bringing  out  the  present  edition  of 
Mr.  Simms'  useful  work."  —  Engineering. 

• 
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Eads'  Naval  Defences. 

4to.    Cloth.    $5.00. 

SYSTEM  OF  NAVAL  DEFENCES.  By  JAMES  B.  EADS,  C.  E. 
Report  to  the  Honorable  Gideon  Welles,  .Secretary  of  the  Navy, 
February  22,  1868,  with  ten  illustrations. 


Stuart's  Naval  Dry  Docks. 

Twenty-four  engravings  on  steel. 
Fourth  Edition. 


4to.     Cloth. 

THE  NAVAL  DRY   DOCKS   OF    THE    UNITED    STATES. 
By  CHARLKS  B.  STOAHT.  Engineer  in  Chief  of  the  United  States 

Navy. 

List  of  Illustrations. 

Pumping  Engine  and  Pumps — Plan  of  Dry  Dock  and  Pump-Well  -  Sec- 
tions of  Dry  Dock — Engine  House — Iron  Floating  Gate — Details  of  Floating 
Gate — Iron  Turning  Gate — Plan  of  Turning  Gate — Culvert  Gate — Filling 
Culvert  Gates — Engine  Bed — Plate,  Pumps,  and  Culvert— Engine  House; 
Roof — Floating  Sectional  Dock — Details  of  Section,  and  Plan  of  Turn-Tables 
— Plan  of  Basin  and  Marine  Railways- — Plan  of  Sliding  Frame,  and  Elevation 
of  Pumps — Hydraulic  Cylinder — Plan  of  Gearing  for  Pumps  and  End  Floats 
— Perspective  View  of  Dock,  Basin,  and  Railway — Plan  of  Basin  of  Ports- 
mouth Dry  Dock — Floating  Balance  Dock — Elevation  of  Trusses  and  the  Ma- 
chinery— Perspective  View  of  Balance  Dry  Dock 


Free  Hand  Drawing. 

Profusely  Illustrated.     18mo.     Cloth.    75  cents. 

A  GUIDE  TO  ORNAMENTAL,  Figure,  and  Landscape  Draw- 
ing.    By  an  Art  Student. 

CONTENTS. — Materials  employed  in  Drawing,  and  how  to  use  them — On 
Lines  and  how  to  Draw  them — On  Shading — Concerning  lines  and  shading, 
with  applications  of  them  to  simple  elementary  subjects — Sketches  from  Na- 
ture. 
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Minifie's  Mechanical  Drawing. 

Eighth  Edition. 

Royal  8vo.     Cloth.     $4.00. 

A  TEXT-BOOK  OF  GEOMETRICAL  DRAWING  for  the  use 
of  Mechanics  and  Schools,  in  -which  the  Definitions  and  Rules  of 
Geometry  are  familiarly  explained  ;  the  Practical  Problems  are 
arranged,  from  the  most  simple  to  tho  more  complex,  and  in  their 
description  technicalities  are  avoided  as  much  as  possible.  With 
illustrations  for  Drawing  Plans,  Sections,  and  Elevations  of 
Buildings  and  Machinery ;  an  Introduction,  to  Isouietrical  Draw- 
ing, and  an  Essay  on  Linear  Perspective  and  Shadows.  Illus- 
trated with  over  200  diagrams  engraved  on  steel.  By  WM. 
MINIFIE,  Architect.  Eighth  Edition.  With  an  Appendix  on  the 
Theory  and  Application  of  Colors. 

"It  is  the  best  work  on  Drawing  that  we  have  ever  seen,  and  is  especially  a 
text-book  of  Geometrical  Drawing  for  the  use  of  Mechanics  and  Schools.  No 
young  Mechanic,  such  as  a  Machinist,  Engineer,  Cabinet-Maker,  Millwright, 
or  Carpenter,  should  be  without  it." — Scientific  American. 

"  One  of  the  most  comprehensive  works  of  the  kind  ever  published,  and  can- 
not but  possess  great  value  to  builders.  The  style  is  at  once  elegant  and  sub- 
stantial. '—Pennsylvania  Inquirer. 

"  Whatever  is  said  is  rendered  perfectly  intelligible  by  remarkably  well- 
executed  diagrams  on  steel,  leaving  nothing  for  mere  vague  supposition ;  and 
the  addition  of  an  introduction  to  isometrical  drawing,  linear  perspective,  and 
the  projection  of  shadows,  winding  up  with  a  useful  index  to  technical  terms." 
— Glasgow  Mechanics'  Journal. 

J2T  Tho  British  Government  haa  authorized  the  use  of  this  book  in  their 
schools  of  art  at  Somerset  House,  London,  and  throughout  the  kingdom. 


Minifie's  Geometrical  Drawing. 

New  Edition.    Enlarged. 

12mo.     Cloth.     $2.00. 

GEOMETRICAL  DRAWING.  Abridged  from  the  octavo  edition, 
for  the  use  of  Schools.  Illustrated  with  48  steel  plates.  New 
edition,  enlarged. 

"  It  i-i  well  adapted  as  a  text-book  of  drawing  to  be  used  in  our  High  Schools 
and  Academies  where  this  useful  branch  of  the  fine  arts  has  been  hitherto  too 
much  neglected." — Boston  Journal. 


D.   VAN  NOKTRAND. 


27 


Bell  on  Iron  Smelting. 

8vo.     Cloth.     $6.00. 

CHEMICAL  PHENOMENA  OF  IEON  SMELTING.  An  ex- 
perimental and  practical  examination  of  the  circumstances  which 
determine  the. capacity  of  the  Blast  Furnace,  the  Temperature 
of  the  Air,  and  the  Proper  Condition  of  the  Materials  to  be 
operated  upon.  By  I.  LOWTHIAN  BELL. 

"  The  reactions  which  take  place  in  every  foot  of  the  blast-furnace  have 
been  investigated,  and  the  nature  of  every  step  in  the  process,  from  the  intro- 
duction of  the  raw  material  into  the  furnace  to  the  production  of  the  pig  iron, 
has  been  carefully  ascertained,  and  recorded  so  fully  that  any  one  in  the  trade 
can  readily  avail  themselves  of  the  knowledge  acquired ;  and  we  have  no  hes- 
itation in  saying  that  the  judicious  application  of  such  knowledge  will  do 
much  to  facilitate  the  introduction  of  arrangements  which  will  still  further 
economize  fuel,  and  at  the  same  time  permit  of  the  quality  of  the  resulting 
metal  being  maintained,  if  not  improved.  The  volume  is  one  which  no  prac- 
tical pig  iron  manufacturer  can  afford  to  be  without  if  he  bo  desirous  of  en- 
tering upon  that  competition  which  nowadays  is  essential  to  progress,  and 
in  issuing  such  a  work  Mr.  Bell  has  entitled  himself  to  the  best  thanks  of 
every  member  of  the  trade." — London  Mining  Journal. 


King's  Notes  on  Steam. 

TliirteentU  Edition. 

8vo.     Cloth.     $2.00. 

LESSONS  AND  PEACTICAL  NOTES  ON  STEAM,  the  Steam- 
Engine,  Propellers,  &c.,  &c.,  for  Young  Engineers^  Students,  and 
others.  By  the  late  W.  E.  KINO,  U.  S.  N.  Eevised  by  Chief- 
Engineer  J.  W.  KING,  TJ.  S.  Navy. 

"  This  is  one  of  the  best,  because  eminently  plain  and  practical  treatises  on 
the  Steam  Engine  ever  published. ' — Philadelphia  Press. 

This  is  the  thirteenth  edition  of  a  valuable  work  of  the  late  W.  H.  King, 
U.  S.  N.  It  contains  lessons  and  practical  notes  on  Steam  and  the  Steam  En- 
gine, Propellers,  etc.  It  is  calculated  to  be  of  great  use  to  young  marine  en- 
gineers, students,  and  others.  The  text  is  illustrated  and  explained  by  nu- 
merous diagrams  and  representations  of  machinery.  —Boston  Daily  Adver- 
tiser. 

Text-book  at  the  TJ.  S.  Naval  Academy,  Annapolis. 


28 


SCIENTIFIC  HOOKS  PUBLISHED  JJ  Y 


Burgh's  Modern  Marine  Engineering. 

One  thick  4to  vol.     Cloth.     $25.00.     Half  morocco.     $30.00. 

MODEEN  MAEINE  ENGINEERING,  applied  to  Paddle  and 
Screw  Propulsion.  Consisting  of  36  Colored  Plates,  259  Practical 
Wood-cut  Illustrations,  and  403  pages  of  Descriptive  Matter,  the 
whole  being  an  exposition  of  the  present  practice  of  the  follow- 
ing firms  :  Messrs.  J.  Penn  &  Sons ;  Messrs.  Maudslay,  Sons  & 
Field ;  Messrs.  James  Watt  &  Co. ;  Messrs.  J.  &  G.  Eennie  ; 
Messrs.  E.  Napier  &  Sons  ;  Messrs.  J.  &  W.  Dudgeon ;  Messrs. 
Eavenhill  &  Hodgson;  Messrs.  Humphreys  &  Tenant;  Mr. 
J.  T.  Spencer,  and  Messrs.  Forrester  &  Co.  By  N.  P.  BUHGH, 
Engineer. 

PRINCIPAL  CONTENTS. — General  Arrangements  of  Engines,  11  examples 
— General  Arrangement  of  Boilers,  14  examples  —  General  Arrangement  of 
Guperieaters,  11  examples — Details  of  Oscillating  Paddle  Engines,  34  ex- 
amples— Condensers  for  Screw  Engines,  both  Injection  and  Surface,  20  ex- 
amples— Details  of  Screw  Engines,  20  examples — Cylinders  and  Details  of 
Screw  Engines,  21  examples — Slide  Valves  and  Details,  7  examples — Slide 
Valve,  Link  Motion,  7  examples — Expansion  Valves  and  Gear,  10  exam- 
ples— Details  in  General,  30  examples  Screw  Propeller  and  Fittings,  13  ex- 
amples Engine  and  Boiler  Fittings,  28  examples  In  relation  to  the  Princi- 
ples of  the  Marine  Engine  and  Boiler,  33  examples. 

Notices  of  the  Press. 

"Every  conceivable  detail  of  the  Marine  Engine,  under  all  its  various 
forms,  is  profusely,  and  we  must  add,  admirably  illustrated  by  a  multitude 
of  engravings,  selected  from  the  best  and  most  modern  practice  of  the  first 
Marine  Engineers  of  the  day.  The  chapter  on  Condensers  is  peculiarly  valu- 
able. In  one  word,  there  is  no  other  work  in  exist-  nee  which  will  bear  a 
moment's  comparison  with  it  as  an  exponent  of  the  skill,  talent  and  practical 
experience  to  -which  is  due  the  splendid  reputation  enjoyed  by  many  British 
Marine  Engineers."  -  Engineer. 

"  This  very  comprehensive  work,  which  was  issued  in  Monthly  parts,  has 
just  been  completed.  It  contains  large  and  full  drawings  and  copious  de- 
scriptions of  most  of  the  best  examples  of  Modern  Marine  Engines,  and  it  is 
a  complete  theoretical  and  practical  treatise  on  the  subject  of  Marine  Engi- 
neering."— American  Artisan. 

This  is  the  only  edition  of  the?  above  work  with  the  beautifully  colored 
plates,  and  it  is  out  of  print  in  England. 


D.  VAN  NOST11AND. 
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Bourne's  Treatise  on  the  Steam  En- 
gine. 

Ninth  Edition. 

Illustrated.     4to.     Cloth.     $15.00. 

TREATISE  ON  THE  STEAM  ENGINE  in  its  various  applica- 
tions to  Mines,  Mills,  Steam  Navigation,  Railways,  and  Agricul- 
ture, with  the  theoretical  investigations  respecting  the  Motive 
Power  of  Heat  and  the  proper  Proportions  of  Steam  Engines. 
Elaborate  Tables  of  the  right  dimensions  of  every  part,  and 
Practical  Instructions  for  the  Manufacture  and  Management  of 
every  species  of  Engine  in  actual  use.  By  JOHN  BOUBNE,  being 
the  ninth  edition  of  "  A  Treatise  on  the  Steam  Engine,"  by 
the  "Artisan  Club."  Illustrated  by  thirty-eight  plates  and  five 
hundred  and  forty-six  wood-cuts. 

As  Mr.  Bourne's  work  has  the  great  merit  of  avoiding  unsound  and  imma- 
ture views,  it  may  safely  be  consulted  by  all  who  are  really  desirous  of  ac- 
quiring trustworthy  information  on  the  subject  of  which  it  treats.  During 
the  twenty-two  years  which  have  elapsed  from  the  issue  of  the  first  edition, 
the  improvements  introduced  in  the  construction  of  the  steam  engine  have 
been  both  numerous  and  important,  and  of  these  Mr.  Bourne  has  taken  care 
to  point  out  the  more  prominent,  and  to  furnish  the  reader  with  such  infor- 
mation as  shall  enable  him  readily  to  judge  of  their  relative  value.  This  edi- 
tion has  been  thoroughly  modernized,  and  made  to  accord  with  the  opinions 
and  practice  of  the  more  successful  engineers  of  the  present  day.  All  that 
the  book  professes  to  give  is  given  with  ability  and  evident  care.  The  scien- 
tific principles  which  are  permanent  are  admirably  explained,  and  reference 
is  made  to  many  of  the  more  valuable  of  the  recently  introduced  engines.  To 
express  an  opinion  of  the  value  and  utility  of  such  a  work  as  The  Artisan 
Club's  Treatise  on  tlie  Steam  Knyine,  which  has  passed  through  eight  editions 
already,  would  be  superfluous ;  but  it  may  be  safely  stated  that  the  work  is 
worthy  the  attentive  study  of  all  either  engaged  in  the  manufacture  of  steam 
engines  or  interested  in  economizing  the  use  of  steam. — Mining  Journal. 


Isherwood's  Engineering  Precedents. 

Two  Vols.  in  One.    8vo.     Cloth.    $2.50. 

ENGINEERING  PRECEDENTS  FOR  STEAM  MACHINERY. 

'Arranged  in  the  most  practical  and  useful  manner  for  Engineers. 
By  B.  F.  ISHERWOOD,  Civil  Engineer,  U.  S.  Navy.  With  illus- 
trations. 
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Ward's  Steam  for  the  Million. 

Netv  and  Revised  Edition. 

8vo.  Cloth.     $1.00. 

STEAM  FOE  THE  MILLION.  A  Popular  Treatise  on  Steam 
and  its  Application  to  the  Useful  Arts,  especially  to  Naviga- 
tion. By  J.  H.  WARD,  Commander  U.  S.  Navy.  New  and  re- 
vised edition. 

A  most  excellent  work  for  the  young  engineer  and  general  reader.  Many 
facts  relating  to  the  management  of  the  boiler  and  engine  are  set  forth  with  a 
simplicity  of  language  and  perfection  of  detail  that  bring  the  subject  home 
to  the  reader. — American  Engineer. 


Walker's  Screw  Propulsion. 

8vo.     Cloth.     75  cents. 

NOTES  ON  SCEEW  PEOPULSION,  its  Eise  and  History.     By 
Capt.  W.  H.  WALKEH,  U.  S.  Navy. 

Commander  Walker's  book  contains  an  immense  amount  of  concise  practi- 
cal data,  and  every  item  of  information  recorded  fully  proves  that  the  various 
points  bearing  upon  it  have  been  well  considered  previously  to  expressing  an 
opinion. — London  Mining  Journal. 


Page's  Earth's  Crust. 

18mo.     Cloth.     75  cents. 

THE  EAETH'S  CEUST :    a   Handy   Outline   of  Geology.      By 
DAVID  PAGE. 

"  Such  a  work  as  this  was  much  wanted — a  work  giving  in  clear  and  intel- 
ligible outline  the  leading  facts  of  the  science,  without  amplification  or  irk- 
some details.  It  is  admirable  in  arrangement,  and  clear  and  easy,  and,  at  the 
same  time,  forcible  in  style.  It  will  lead,  we  hope,  to  the  introduction  of 
Geology  into  many  schools  that  have  neither  time  nor  room  for  the  study  of 
large  treatises." — The  Museum. 
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Rogers'  Geology  of  Pennsylvania. 

3  Vols.  4to,  with  Portfolio  of  Maps.     Cloth.     $30.00. 

THE  GEOLOGY  OF  PENNSYLVANIA.  A  Government  Sur- 
vey. With  a  'general  view  of  the  Geology  of  the  United  States, 
Essays  on  the  Coal  Formation  and  its  Fossils,  and  a  description 
of  the  Coal  Fields  of  North  America  and  Great  Britain.  By 
HENRY  DARWIN  ROGERS,  Late  State  Geologist  of  Pennsylvania. 
Splendidly  illustrated  with  Platea  and  Engravings  in  the  Text. 

It  certainly  should  be  in  every  public  library  ^nroughout  the  country,  and 
likewise  in  the  possession  of  all  students  of  Geology.  After  the  final  sale  of 
these  copies,  the  work  will,  of  course,  become  more  valuable. 

The  work  for  the  last  five  years  has  been  entirely  out  of  the  market,  but  a 
few  copies  that  remained  in  the  hands  of  Prof.  Rogers,  in  Scotland,  al  the 
time  of  his  death,  are  now  offered  to  the  public,  at  a  price  which  is  even 
below  what  it  was  originally  sold  for  when  first  published. 


Morfit  on  Pure  Fertilizers. 

"With  28  Illustrative  Plates.    8vo.     Cloth. .  $20.00. 

A  PRACTICAL  TREATISE  ON  P*URE   FERTILIZERS,  and 

the  Chemical  Conversion  of  Rock  Guanos,  Marlstones,  Coprolites, 
and  the  Crude  Phosphates  of  Lime  and  Alumina  Generally,  into 
various  Valuable  Products.  By  CAMPBELL  MORFIT,  M.D.,  F.C.S. 


Sweet's  Report  on  Coal. 

8vo.     Cloth.     $3.00. 

SPECIAL  REPORT  ON  COAL  ;  showing  its  Distribution,  Classi- 
fication, and  Cost  delivered  over  different  routes  to  various  points 
in  the  State  of  New  York,  and  the  principal  cities  on  the  Atlantic 
Coast.  By  S.  H.  SWEET.  With  maps. 


Oolbnrn's  Gas  Works  of  London. 

12mo.     Boards.     60  cents. 
GAS  WORKS  OF  LONDON.    By  ZEBAH  COLBFKK. 
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The  Useful  Metals  and  their  Alloys ; 
ScofFren,  Truran,  and  others. 

Fifth  Edition. 

8vo.     Half  calf.     $3.75. 

THE  USEFUL  METALS  AND  THEIE  ALLOYS,  including 
MINING  VENTILATION,  MINING  JUEISPEUDENCE 
AND  METALLUKGIC  CHEMISTEY  employed  in  the  conver- 
sion of  IEON,  COPPER,  TIN,  ZINC,  ANTIMONY,  AND 
LEAD  OEES,  with  their  applications  to  THE  INDUSTRIAL 
AETS.  By  JOHN  SCOFFREN,  WILLIAM  TRTTRAIT,  WILLIAM  CLAY, 
ROBERT  OXLAND,  WILLIAM. FAIRBAIRN,  W.  C.  AITKIIT,  and  WIL- 
LIAM VOSE  PICKETT. 


Collins1  Useful  Alloys. 

18mo.     Flexible.     75  cents. 

THE  PEIVATE  BOOK  OF  USEFUL  ALLOYS  and  Memo- 
randa for  Goldsmiths,  Jewellers,  etc.  By  JAMES  E.  COLLINS 

This  little  book  is  compiled  from  notes  made  by  the  Author  from  the 
papers  of  one  of  the  largest  and  most  eminent  Manufacturing  Goldsmiths  and 
Jewellers  in  this  country,  and  as  the  firm  is  now  no  longer  in  existence,  and  the 
Author  is  at  present  engaged  in  some  other  undertaking,  he  now  offers  to  the 
public  the  benefit  of  his  experience,  and  in  so  doing  he  begs  to  state  that  all 
the  alloys,  etc.,  given  in  these  pages  may  be  confidently  relied  on  as  being 
thoroughly  practicable. 

The  Memoranda  and  Receipts  throughout  this  book  are  also  compiled 
from  practice,  and  will  no  doubt  be  found  useful  to  the  practical  jeweller. 
—Shirley,  July,  1871. 

Joynson's  Metals  Used  in  Construction. 

12mo.    Cloth.    75  cents. 

THE  METALS  USED  IN  CONSTEUCTION :  Iron,  Steel, 
Bessemer  Metal,  etc.,  etc.  By  FRANCIS  HERBERT  JOTNSON.  Il- 
lustrated. 

"  In  the  interests  of  practical  science,  we  are  bound  to  notice  this  work ; 
and  to  those  who  wish  further  information,  we  should  say,  buy  it ;  and  the 
outlay,  we  honestly  believe,  will  be  considered  well  spent."  —  {Scientific 
Review. 
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Holley's  Ordnance  and  Armor. 

493  Engravings.     Half  Roan,  $10.00.    Half  Russia,  $12.00. 

A  TEEATISE  ON  OEDNANCE  AND  ARMOR— Embracing 
Descriptions,  Discussions,  and  Professional  Opinions  concerning 
the  MATERIAL,  FABRICATION,  Requirements,  Capabilities,  and  En- 
durance of  European  and  American  Guns,  for  Naval,  Sea  Coast, 
and  Iron-clad  Warfare,  and  their  RIFLING,  PKOJECTILES,  and 
BKEECH-LOADING  ;  also,  Results  of  Experiments  against  Armor, 
from  Official  Records,  with  an  Appendix  referring  to  Gun-Cotton, 
Hooped  Guns,  etc.,  etc.  By  ALEXANDER  L.  HOLLEI,  B.  P.  948 
pages,  493  Engravings,  and  147  Tables  of  Results,  etc. 

CONTENTS. 

CHAPTER  I. — Standard  Guns  and  their  Fabrication  Described:  Section  1. 
Hooped  Guns ;  Section  2.  Solid  "Wrought  Iron  Guns ;  Section  3.  Solid  Steel 
Guns ;  Section  4.  Cast-Iron  Guns.  CHAPTER  II. — The  Requirements  of  Guns, 
Armor:  Section  1.  The  Work  to  be  done;  Section  2.  Heavy  Shot  at  Low  Ve- 
locities ;  Section  3.  Small  Shot  at  High  Velocities ;  Section  4.  The  two  Sys- 
tems Combined;  Sections.  Breaching  Masonry.  CHAPTER  III. — The-  Strains 
and  Structure  of  Guns:  Section  1.  Resistance  to  Elastic  Pressure ;  Section  2. 
The  Effects  of  Vibration;  Section  3.  The  Effects  of  Heat.  CHAPTER  IV. — 
Cannon  Metals  and  Processes  of  Fabrication:  Section  1.  Elasticity  and  Ductil- 
ity; Section  2.  Cast-Iron;  Section  3.  Wrought  Iron;  Section  4.  Steel;  Sec- 
tion 5.  Bronze ;  Section  6.  Other  Alloys.  CHAPTER  V. — Rifling  and  Projec- 
tiles; Standard  Forms  and  Practice  Described;  Early  Experiments;  The 
Centring  System  ;  The  Compressing  System ;  The  Expansion  System ;  Armor 
Punching  Projectiles ;  Shells  for  Molten  Metal ;  Competitive  Trial  of  Rifled 
Guns,  1862;  Duty  of  Rifled  Guns:  General  Uses,  Accuracy,  Range,  Velocity, 
Strain,  Liability  of  Projectile  to  Injury ;  Firing  Spherical  Shot  from  Rifled 
Guns;  Material  for  Armor-Punching  Projectiles ;  Shape  of  Armor-Punching 
Projectiles;  Capacity  and  Destructiveness  of  Shells;  Elongated  Shot  from 
Smooth  Bores ;  Conclusions;  Velocity  of  Projectiles  (Table1.  CHAPTER  VI.— 
Breech-Loading  Advantages  and  Defects  of  the  System ;  Rapid  Firing  and 
Cooling  Guns  by  Machinery ;  Standard  Breech-Loaders  Described.  Part  Sec- 
ond :  Experiments  against  Armor ;  Account  of  Experiments  from  Official 
Records  in  Chronological  Order.  APPENDIX. — Report  on  the  Application  of 
Gun-Cotton  to  Warlike  Purposes — British  Association,  1863  f  Manufacture  and 
Experiments  in  England ;  Guns  Hooped  with  Initial  Tension — History;  How- 
Guns  Burst,  by  Wiard,  Lyman's  Accelerating  Gun;  Endurance  of  Parrott 
and  Whitworth  Guns  at  Charleston ;  Hooping  old  United  States  Cast-Iron 
Guns;  Endurance  and  Accuracy  of  the  Armstrong  600-pounder;  Competitive 
Trials  with  7-iuch  Guns. 
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Peirce's  Analytic  Mechanics. 

4to.     Cloth.     $10.00. 

SYSTEM  OF  ANALYTIC  MECHANICS.  Physical  and  Celestial 
Mechanics.  By  BENJAMIN  PEIRCK,  Perkins  Professor  of  Astronomy 
and  Mathematics  in  Harvard  University,  and  Consulting  As- 
tronomer of  the  American  Epheraeris  and  Nautical  Almanac. 
Developed  in  four  systems  of  Analytic  Mechanics,  Celestial 
Mechanics,  Potential  Physics,  and  Analytic  Morphology. 

"  I  have  re-examined  the  memoirs  of  the  great  geometers,  and  have  striven 
to  consolidate  their  latest  researches  and  their  most  exalted  forms  of  thought 
into  a  consistent  and  uniform  treatise.  If  I  have  hereby  succeeded  in  open- 
ing to  the  students  of  my  country  a  readier  access  to  these  choice  jewels  of 
intellect ;  if  their  brilliancy  is  not  impaired  in  this  attempt  to  reset  them  ;  if, 
in  their  own  constellation,  they  illustrate  each  other,  and  concentrate 
a  stronger  light  upon  the  names  of  their  discoverers  ,  and,  still  more,  if  any 
gem  which  I  may  have  presumed  to  add  is  not  wholly  lustreless  in  the  collec- 
tion, I  shall  feel  that  my  work  has  not  been  in  vain."— Extract  from  the  Pre- 
face. 

Burt's  Key  to  Solar  Compass. 

Second  Edition. 

Pocket  Book  Form.     Tuck.     $2.50. 

KEY  TO  THE  SOLAE  COMPASS,  and  Surveyor's  Companion  ; 
comprising  all  the  Rules  necessary  for  use  in  the  field ;  also, 
Description  of  the  Linear  Surveys  and  Public  Land  System  of 
the  United  States,  Notes  on  the  Barometer,  Suggestions  for  an 
outfit  for  a  Survey  of  four  months,  etc.,  etc.,  etc.  By  W.  A. 
BUKT,  U.  S.  Deputy  Surveyor.  Second  edition. 


Chanvenet's  Lunar  Distances. 

8vo.     Cloth.     $2.00. 

NEW  METHOD  OF  CORRECTING  LUNAR  DISTANCES, 
and  Improved  Method  of  Finding  the  Error  and  Rate  of  a  Chro- 
nometer, by  equal  altitudes.  By  WM.  CHAUVENET,  LL.D.,  Chan- 
cellor of  Washington  University  of  St.  Louis. 
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Jefiers'  Nautical  Surveying. 

Illustrated  with  9  Copperplates  and  31  Wood-out  Illustrations.    8vo. 
Cloth.     $5.00. 

NAUTICAL  SUEVEYING.     By  WILLIAM  N.  JEFFERS,  Captain 
U.  S.  Navy. 

Many  books  have  been  written  on  each  of  the  subjects  treated  of  in  the 
sixteen  chapters  of  this  work;  and,  to  obtain  a  complete  knowledge  of 
geodetic  surveying  requires  a  profound  study  of  the  whole  range  of  mathe- 
maticlil  and  physical  sciences ;  but  a  year  of  preparation  should  render  any 
intelligent  officer  competent  to  conduct  a  nautical  survey. 

CONTENTS.— Chapter  I.  FormuUe  and  Constants  Useful  in  Surveying 
II.  Distinctive  Character  of  Surveys.  III.  Hydrographic  Surveying  under 
Sail ;  or,  Running  Survey.  IV.  Hydrographic  Surveying  of  Boats ;  or,  Har- 
bor Survey.  V.  Tides— Definition  of  Tidal  Phenomena— Tidal  Observations. 
VI.  Measurement  of  Bases— Appropriate  and  Direct.  VII.  Measurement  of 
the  Angles  of  Triangles — Azimuths — Astronomical  Bearings.  VIII.  Correc- 
tions to  be  Applied  to  the  Observed  Angles.  IX.  Levelling — Difference  of 
Level.  X.  Computation  of  the  Sides  of  the  Triangulation— The  Three-point 
Problem.  XI.  Determination  of  the  Geodetic  Latitudes,  Longitudes,  and 
Azimuths,  of.  Points  of  a  Triangulation.  XII.  Summary  of  Subjects  treated 
of  in  preceding  Chapters — Examples  of  Computation  by  various  Formulae. 
XIII.  Projection  of  Charts  and  Plans.  XIV.  Astronomical  Determination  of 
Latitude  and  Longitude.  XV.  Magnetic  Observations.  XVI.  Deep  Sea 
Soundings.  XVII.  Tables  for  Ascertaining  Distances  at  Sea,  and  a  full 
Index. 

List  of  Plates. 

Plate  I.  Diagram  Illustrative  of  the  Triangulation.  II.  Specimen  Page 
of  Field  Book.  III.  Running  Survey  of  c  Coast.  IV.  Example  of  a  Running 
Survey  from  Belcher.  V.  Flying  Survey  of  an  Island.  VI.  Survey  of  a 
ShoaL  VII.  Boat  Survey  of  a  River.  VIII.  Three-Point  Problem.  IX. 
Triangulation. 

Coffin's  Navigation. 

Fifth  Edition. 

12mo.     Cloth.     $3.50. 

NAVIGATION  ANIl  NAUTICAL  ASTRONOMY.  Prepared 
for  the  use  of  the  U.  S.  Naval  Academy.  By  J.  H.  C.  COFFIK, 
Prof,  of  Astronomy,  Navigation  and  Surveying,  with  52  wood- 
cut illustrations. 
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Clark's  Theoretical  Navigation. 

8vo.     Cloth.    $3.00. 

THEORETICAL  NAVIGATION  AND  NAUTICAL  ASTRON- 
OMY. By  LEWIS  CLAEK,  Lieut.-Commander,  U.  8.  Navy.  Il- 
lustrated with  41  Wood-cuts,  including  the  Vernier. 

Prepared  for  Use  at  the  U.  S.  Naval  Academy. 


The  Plane  Table. 

Illustrated.    8vo.     Cloth.    $2.00. 

ITS  USES  IN  TOPOGEAPHICAL  SURVEYING-.     From  the 
Papers  of  the  U.  S.  Coast  Survey. 

This  work  gives  a  description  of  the  Plane  Table  employed  at  the  U.  S. 
Coast  Survey  Office,  and  the  manner  of  using  it. 


Pook  on  Shipbuilding. 

8vo.     Cloth.     $5.00. 

METHOD  OF  COMPARING  THE  LINES  AND  DRAUGHT- 
ING VESSELS  PROPELLED  BY  SAIL  OR  STEAM,  in- 
cluding a  Chapter  on  Laying  off  on  the  Mould-Loft  Floor.  By 
SA.MUEL  M.  POOK,  Naval  Constructor.  1  vol.,  8vo.  With  illus- 
trations. Cloth.  $5.00. 


Brunnow's  Spherical  Astronomy. 

8vo.     Cloth.    $6.50. 

SPHERICAL  ASTRONOMY.     By  F.  BRTTNNOV,  Ph.  Dr.    Trans- 
lated by  the  Author  from  the  Second  German  edition. 
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Van  Buren's  Formulas. 

SYO.    Cloth.     $2.00. 

INVESTIGATIONS  OF  FORMULAS,  for  the   Strength  of  the 
Iron  Parts  of  Steam  Machinery.    By  J.  D.  VAN  BUHEN,  Jr.,  C.  E. 

Illustrated. 

This  is  an  analytical  discussion  of  the  formulae  employed  by  mechanical 
engineers  in  determining  the  rupturing  or  crippling  pressure  in  the  different 
parts  of  a  machine.  The  formulae  are  -founded  upon  the  principle,  that  the 
different  parts  of  a  machine  should  be  equally  strong,  and  are  developed  in 
reference  to  the  ultimate  strength  of  the  material  in  order  to  leave  the  choice 
of  a  factor  of  safety  to  the  judgment  of  the  designer.— Sillimaris  Journal. 


Joynson  on  Machine  Gearing. 

8vo.     Cloth.     $2.00. 

THE  MECHANIC'S  AND  STUDENT'S  GUIDE  in  the  Design- 
ing and  Construction  of  General  Machine  Gearing,  as  Eccentrics, 
Screws,  Toothed  Wheels,  etc.,  and  the  Drawing  of  Rectilineal 
and  Curved  Surfaces  ;  with  Practical  Eules  and  Details.  Edited 
by  FRANCIS  HERBERT  JOYNSON.  Illustrated  with  18  folded 
plates. 

"  The  aim  of  this  work  is  to  be  a  guide  to  mechanics  in  the  designing  and 
construction  of  general  machine-gearing.  This  design  it  well  fulfils,  being 
plainly  and  sensibly  written,  and  profusely  illustrated." — Sunday  Timet. 


Barnard's  Report,  Paris  Exposition, 

1867. 

Illustrated.     8vo.     Cloth.     $5.00. 

REPORT  ON  MACHINERY  AND  PROCESSES  ON  THE 
INDUSTRIAL  ARTS  AND  APPARATUS  OF  THE  EXACT 
SCIENCES.  By  F.  A.  P.  BARNARD,  LL.D. — Paris  Universal 
Exposition,  1867. 

"  We  have  in  this  volume  the  results  of  Dr.  Barnard's  study  of  the  Pari» 
Exposition  of  1867,  in  the  form  of  an  official  Report  of  the  Government  It 
is  the  most  "exhaustive  treatise  upon  modern  inventions  that  has  appeared 
since  the  Universal  Exhibition  of  1851,  and  -we  doubt  if  anything  equal  to  it 
has  appeared  this  century."— Journal  Applied  Cliemtetry. 
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Engineering  Facts  and  Figures. 

18mo.     Cloth.     $2.50  per  Volume. 

AN  ANNUAL  REGISTER  OF  PEOGRESS  IN  MECHANI- 
CAL ENGINEERING  AND  CONSTRUCTION,  for  the  Years 
1863-64-65-66-67-68.  Fully  illustrated.  6  volumes. 

Each  volume  sold  separately. 


Beckwith's  Pottery. 

8vo.     Cloth.     $1.50. 

OBSERVATIONS  ON  THE  MATERIALS  and  Manufacture  of 
Terra-Cotta,  Stone- Ware,  Firo-Brick,  Porcelain  and  Encaustic 
Tiles,  with.  Remarks  on  the  Products  exhibited  at  the  London 
International  Exhibition,  1871.  By  AKTHUR  BECKWITH,  Civil 
Engineer. 

"  Everything  is  noticed  in  this  book  which  comes  under  the  head  of  Pot- 
tery, from  fine  porcelain  to  ordinary  brick,  and  aside  from  the  interest  which 
all  take  in  such  manufactures,  the  work  will  bo  of  considerable  value  to 
followers  of  the  ceramic  art." — Evening  Mail. 


Dodd's  Dictionary  of  Manufactures,  etc. 

12mo.     Cloth.     $2.00. 

DICTIONARY  OF   MANUFACTURES,    MINING,    MACHIN- 
ERY, AND  THE  INDUSTRIAL   ARTS.     By  GEOKGK  DODD. 

This  work,  a  small  book  on  a  great  subject,  treats,  in  alphabetical  ar- 
rangement, of  those  numerous  matters  which  come  generally  within  the  range 
of  manufactures  and  the  productive  arts.  The  raw  materials — animal,  vege- 
table, and  mineral — whence  the  manufactured  products  are  derived,  are  suc- 
cinctly noticed  in  connection  with  the  processes  which  they  undergo,  but  not 
as  subjects  of  natural  history.  The  operations  of  the  Mine  and  the  Mill,  the 
Foundry  and  the  Forge,  the  Factory  and  the  Workshop,  are  passed  under  re- 
view. The  principal  machines  and  engines,  tools  and  apparatus,  concerned  in 
manufacturing  processes,  are  briefly  described.  The  scale  on  which  our  chief 
branches  of  national  industry  are  conducted,  in  regard  to  values  and  quantities, 
is  indicated  in  various  ways. 
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Stuart's  Oiyil  and  Military  Engineer- 
ing of  America. 

8vo.     Illustrated.      Cloth.     $5.00. 

THE  CIVIL  AND  MILITARY  ENGINEEE8  OF  AMERICA. 
By  General  CHARLES  B.  STUART,  Autnor  of  "  Naval  Dry  Docks 
of  the  United  States,"  etc.,  etc.  Embellished  with  nine  finely 
executed  portraits  on  steel  of  eminent  engineers,  and  illustrated 
by  engravings  of  some  of  the  most  important  and  original  works 
constructed  in  America. 

Containing  sketches  of  the  Life  and  Works  of  Major  Andrew  Ellicott, 
James  Geddes  (with  Portrait1,  Benjamin  Wright  (with  Portrait),  Canvass 
White  (with  Portrait),  David  Stanhope  Bates,  Nathan  S.  Roberts,  Gridley 
Bryant  (with  Portrait),  General  Joseph  G.  Swift,  Jesse  L.  AVilliams  (with 
Portrait',,  Colonel  William  McRee,  Samuel  H.  Kneass,  Captain  John  Childe 
with  Portrait),  Frederick  Harbach,  Major  David  Bates  Douglas  (with  Por- 
trait), Jonathan  Knight,  Benjamin  H.  Latrobe  (with  Portrait),  Colonel  Char- 
les Ellet,  Jr.  vwith  Portrait),  Samuel  Forrer,  William  Stuart  Watson,  John 
A.  Roebling. 


Alexander's  Dictionary  of  Weights 
and  Measures. 

8vo.    Cloth.    $3.50. 

UNIVERSAL  DICTIONARY  OF  WEIGHTS  AND  MEAS- 
URES, Ancient  and  Modern,  reduced  to  the  standards  of  the 
United  States  of  America.  By  J.  H.  ALEXANDER.  New  edition. 
1  vol. 

"  As  a  standard  work  of  reference,  this  book  should  be  in  every  library ;  it 
is  one  which  we  have  long  wanted,  and  it  will  save  much  trouble  and  re- 
search."— Scientific  American. 


Gouge  on  Ventilation. 

Third  Edition  Enlarged. 

8vo.     Cloth.    $2.00. 

NEW  SYSTEM  OF  VENTILATION,  which  has  been  thoroughly 
tested  under  the  patronage  of  many  distinguished  persons.  By 
HENRY  A.  GOUGE,  with  many  illustrations. 
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Saeltzer's  Acoustics. 

ISino.     Cloth.     $2.00. 

TREATISE    ON    ACOUSTICS  in   Connection   with  Ventilation. 
With  a  new  theory  based  on  an  important  discovery,  of  facilitat- 
ing clear  and  intelligible  sound  in  any  building.     By  ALEXANDER 
SAELTZER. 

"  A  practical  and  very  sound  treatise  on  a,  subject  of  great  importance  to 
architects,  and  one  to  which  there  has  hitherto  been  entirly  too  little  attention 
paid.     The  author's  theory  is,  that,  by  bestowing  proper  care  upon  the  point 
of  Acoustics,  the  raquisite  ventilation  will  be  obtained,  and  vice  versa.— 
Brooklyn  Union. 

Myer's  Manual  of  Signals. 

Hew  Edition.    Enlarged. 

12mo.     48  Plates  full  Roan.     $5.00. 

MANUAL  OP  SIGNALS,  for  the  Use  of  Signal   Officers  in  the 
Field,  and  for  Military  and  Naval  Students,   Military  Schools, 
etc.     A  new  edition,  enlarged  and  illustrated.     By  Brig.-Gen. 
ALBERT   J.  MYEU,  Chief  Signal   Officer  of  the  Army,  Colonel  of 
the  Signal  Corps  during  the  War  of  the  Rebellion. 

Larrabee's  Secret  Letter  and 
Telegraph  Code. 

18mo.     Cloth.     $1.00. 

CIPHER    AND    SECRET    LETTER    AND     TELEGRAPHIC 
CODE,  with  Hogg's  Improvements.     The  most  perfect  secret 
Code  ever  invented  or  discovered.     Impossible  to  read  without 
the  Key.     Invaluable  for  Secret,  Military,  Naval,  and  Diplo- 
matic Service,  as  well  as  for  Brokers,  Bankers,  and  Merchants. 
By  C.  S.  LABHABEE,  the  original  inventor  of  the  scheme. 

• 
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Hunt's  Designs  for  Central  Park 
Gateways. 

4to.     Cloth.    $6.00. 

DESIGNS  FOR  THE  GATEWAYS  OF  THE  SOUTHERN 
ENTRANCES  TO  THE  CENTRAL  PARK.  By  RICHARD  M. 
HUNT.  With  a  description  of  the  designs. 


Pickert  and  Metcairs  Art  of  Graining. 

1  vol.     4to.     Cloth.     $10.00. 

THE  ART  OF  GRAINING.  How  Acquired  and  How  Produced, 
with  description  of  colors  and  their  application.  By  CHARLES 
PICKERT  and  ABRAHAM  METCALF.  Beautifully  illustrated  with  4'2 
tinted  plates  of  the  various  woods  used  in  interior  finishing. 
Tinted  paper. 

The  authors  present  here  the  result  of  long  experience  in  the  practice  of 
this  decorative  art,  and  feel  confident  that  they  hereby  offer  to  their  brother 
artisans  a  reliable  guide  to  improvement  in  the  practice  of  graining. 


Portrait  Gallery  of  the  War, 

60  fine  Portraits  on  Steel.     Royal  8vo.    Cloth.     $C.OO. 

PORTRAIT  GALLERY  OF  THE  WAR,  CIVIL,  MILITARY 
AND  NAVAL.  A  Biographical  Record.  Edited  by  FRANK 
MOORE. 


One  Law  in  Nature. 

12mo.    Cloth.    $1.50. 

ONE  LAW  IN  NATURE.  By  Capt.  H.  M.  LAZELLE,  U.  S.  A. 
A  New  Corpuscular  Theory,  comprehending  Unity  of  Force, 
Identity  of  Matter,  and  its  Multiple  Atom  Constitution,  applied 
to  the  Physical  Affections  or  Modes  of  Energy. 
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West  Point  Scrap  Book. 

69  Engravings  and  Map.     8vo.     Extra  Cloth.     $5.00. 
WEST  POINT  SCEAP  BOOK.     Being  a  Collection  of  LEGENDS, 
STORIES,  SONGS,  ETC.,  of  the  U.  S.  Military  Academy.  By  Lieut.  0. 
E.  WOOD,  U.  S.  A.     Beautifully  printed  on  tinted  paper. 

"  It  is  the  work  of  several  different  writers,  whose  names  are  withheld  from 
the  public,  but  whose  contributions  all  bear  a  decided  flavor  of  their  origin, 
preserving  the  unity  of  a  military  education  and  experience.  The  volume 
abounds  with  personal  anecdotes  and  humorous  narratives,  seasoned  with 
copious  specimens  of  the  students'  songs,  and  presenting  a  vivid,  and  doubtless 
a  faithful,  exhibition  of  the  peculiar  lights  and  shades  of  West  Point  life."— 
N.  Y.  Tribune. 

History  of  "West  Point. 

Second  Edition. 

With  36  Illustrations  and  Maps.     8vo.     Extra  Cloth.     $3.50. 
HISTORY  OF  WEST  POINT.     Its  Military  Importance  during 
the  American  Ee volution,  and  the  Origin  and  Progress  of  the  U. 
S.  Military  Academy.      By   Bvt.-Major   E.    C.    BOTNTON.     416 
pages.     Printed  ou  tinted  paper. 

"  Aside  from  its  value  as  an  historical  record,  the  volume  under  notice  is  an 
entertaining  guide-book  to  the  Military  Academy  and  its  surroundings.  We 
havo  full  details  of  Cadet  life  from  the  day  of  entrance  to  that  of  graduation, 
together  with  descriptions  of  the  buildings,  grounds  and  monuments.  To 
tho  multitude  of  those  who  have  enjoyed  at  West  Point  the  combined  attrac- 
tions, this  book  will  give,  in  its  descriptive  and  illustrated  portion,  especial 
pleasure." — New  York  Evening  Post. 


West  Point  Life, 

'  Oblong  8vo.     21  full-page  Illustrations.     Cloth.    $2.50. 
WEST  POINT  LIFE.     A  Poem  read  before  the  Dialectic  Society 
of  the  United  States  Military  Academy.     Illustrated  with  Pen 
and  Ink  Sketches.     By  A  CADET.     To  which  is  added  the  song 
"  Benny  Havens,  Oh  !  " 

"  Summer  visitors  at  West  Point  will  especially  enjoy  these  illustrations  ; 
and  the  poem  itself  may  be  regarded  as  a  description  of  Cadet  life,  as  seen 
from  the  inside,  by  one  who  appreciates  it." — N.  Y.  Journal  of  Commerce. 


Guide  to  West  Point 

and  the  U.   S.  Military  Academy,   with  Maps  and  Engravings. 
18mo.     Blue  Cloth.     Flexible  Covers.     $1.00. 
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SILVER  MINING  REGIONS  OF  COLORADO,  with  some 
account  of  the  different  Processes  now  being  introduced  for 
working  the  Gold  Ores  of  that  Territory.  By  J.  P.  WHITNEY. 
12mo.  Paper.  25  cents. 


COLORADO:  SCHEDULE  OF  ORES  contributed  by  sundry 
persons  to  the  Paris  Universal  Exposition  of  1867,  with  some 
information  about  the  Region  and  its  Resources.  By  J.  P. 
WHITNEY,  Commissioner  from  the  Territory.  8vo.  Paper,  with 
Maps.  25  cents. 


THE  SILVER  DISTRICTS  OF  NEVADA. 
Paper.     35  cents. 


With  Map.     8vo. 


ARIZONA :  ITS  RESOURCES  AND  PROSPECTS.  By  Hon. 
R.  C.  McCoEMicK,  Secretary  of  the  Territory.  With  Map.  8vo. 
Paper.  25  cents. 

MONTANA  AS  IT  IS.  Being  a  general  description  of  its  Re- 
sources, both  Mineral  and  Agricultural;  including  a  complete 
description  of  the  face  of  the  country,  its  climate,  etc.  Illustrated 
with  a  Map  of  the  Territory,  showing  the  different  Roads  and 
the  location  of  the  different  Mining  Districts.  To  which  is 
appended  a  complete  Dictionary  of  THE  SNAKE  LANGUAGE,  and 
also  of  the  famous  Chinnook  Jargon,  with  numerous  critical  and 
explanatory  Notes.  By  GEANVILLE  STTTABT.  8vo.  Paper.  $2.00. 


RAILWAY  GAUGES.  A  Review  of  the  Theory  of  Narrow 
Gauges  as  applied  to  Main  Trunk  Lines  of  Railway.  By  SILAS 
SEYMOUR,  Genl.  Consulting  Engineer.  8vo.  Paper.  50  cents. 


REPORT  made  to  the  President  and  Executive  Board  of  the 
Texas  Pacific  Railroad.  By  Gen.  G.  P.  BUBLL,  Chief  Engineer. 
8vo.  Paper.  75  cents. 
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VAN    NOSTRAND'S 
ECLECTIC 

ENGINEERING  MAGAZINE. 

COMMENCED  JANUARY,  1869. 


Consists  of  Articles,  original  and  selected,  and  matter  condensed 
from  all  the  Engineering  Scientific  Serial  Publications  of  Europe 
and  America. 

The  seventh  volume  of  this  Magazine  was  completed  by  the 
issue  for  December,  1872. 

The  growing  success  during  the  past  four  years  demonstrates  the 
correctness  of'  the  theory  upon  which  the  enterprise  was  founded. 
Communications  from  many  sources  prove  that  the  Magazine  has 
met  a  wide-spread  want  among  the  members  of  the  engineering 
profession. 

A  summary  of  scientific  intelligence,  selected  and  sifted  from  the 
great  list  of  American  and  European  scientific  journals,  is  at  pres- 
ent afforded  by  no  other  means  than  through  the  pages  of  this 
Magazine. 

In  the  sixth  volume,  beginning  with  January  (1872)  number, 
we  commenced  some  important  improvements.  Each  number  of 
the  Magazine  will  hereafter  contain  something  of  value  relating  to 
each  of  the  great  departments  of  engineering  labor. 

More  space  than  heretofore  will  be  devoted  to  short  discussions 
or  elucidations  of  important  formula},  especially  such  as  have  proved 
valuable  in  the  practice  of  working  engineers  ;  our  facilities  for 
affording  such  items  are  extensive  and  rapidly  increasing. 

The  progress  of  great  engineering  works  in  this  country  will  be 
duly  chronicled. 

Selected  and  condensed  articles,  with  their  illustrations,  from 
English,  French,  German,  Austrian,  and  American,  scientific  peri- 
odicals, will  contribute  to  make  this  Magazine  more  than  ever 
valuable  to  the  engineering  profession,  and  will  afford  a  compila- 
tion without  which  the  library  of  the  working  engineer  will  be 
incomplete. 

Issued  in  Monthly  numbers,  illustrated.  Price  $5  a  year  in  ad- 
vance ;  single  copies,  50c. 

NOTICE  TO  NEW  SUBSCRIBERS. — Persons  commencing  their  subscrip- 
tions with  the  Eighth  Vol.  (January,  1873),  and  who  are  desirous  of  possessing 
the  work  from  its  commencement,  will  be  supplied  with  Volumes  I.,  II.,  III., 
IV.,  V.,  VI.,  and  VII.,  neatly  bound  in  cloth,  for  $20.00;  half  morocco,  $30.00. 
Single  Volumes  to  complete  Sets  furnished.  Volume  I.,  $5.00,  cloth;  $7.50, 
half  morocco.  Volumes  II.  to  VII.,  $3.00  each,  cloth  ;  $5.00,  half  morocco  ; 
sent  free  by  mail  or  express  on  receipt  of  price. 

NOTICE  TO  CLUBS. — An  extra  copy  will  be  supplied  gratis  to  every  Club 
of  five  subscribers  at  $0.00  each,  sent  in  one  remittance. 


-    -'  • 

- 


m  m 


; 

, 

.      '  .  -  ; 


:  ;     v 


m  wm : 


-     - 
. 

:• 


-.. 


'"..  '''  '•    I      i 

I 


I  H  '  i  i  " 


•  :  m  I     ,. 

IE  '  I  -•       -      •  •        • 


, 
" 


JMJnwIlHlSfWSSKSNSWSmSaa^^^^ 

WSHSSI^mKmXiiWSSa^^SA 

NivuRBMMRwiRnBnBBRBHfflEHKUlSnBHB 

aBaHjBmflc^BBMlmIifflttlJoiOBlmtiMlPPBMt<B!>^"aig"B*<^iMaiBa»a^tt<KB>1' 

BBBBBiBpiBBlH 

9l^HHBBB^^9SBi&^^HN&^flBi3BMQSBHBKB 

mHHBB«i"B!iMBilffi™mm 

HBHHHHHi^l 

BBBHBBHmHHn 

•••••••I 

^SHHRHSi 

•HH^BMBBHBal^HHHHI 


EUlMMlBimillliffiHmH 
mBBSBiafUmflMimi 
nfgTrBffnfflBffpfflBgH 
ilHiBJMgHHUHH^HB 

TMiu[|JH»"P"WHHH 

lllH?3ffflPBf""™"«H"l 

Wi^HI 

•HnfflKWBBHB 

B«BHffi9 
HHMHB 

BN^nHr 

^•BBiBHI^HH 


•Hi 


